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3KDVHSXOPRQDU\R[\JHQXSWDNHNLQHWLFV %?Ĳ9O?23 UHIOHFWPXVFOHR[\JHQFRQVXPSWLRQ ? ?
G\QDPLFVDQGDUHVHQVLWLYHWRFKDQJHVLQVWDWHRIWUDLQLQJRUKHDOWK7KLVVWXG\LGHQWLILHGDQ ? ?
XQELDVHG PHWKRG IRU GDWD FROOHFWLRQ KDQGOLQJ DQG ILWWLQJ WR RSWLPL]H 9O?23 NLQHWLFV ? ?
HVWLPDWLRQ$YDOLGDWHGFRPSXWDWLRQDOPRGHORI9O?23NLQHWLFVDQGD0RQWH&DUORDSSURDFK ? ?
VLPXODWHG  [  PRGHUDWH LQWHQVLW\ WUDQVLWLRQV XVLQJ D GLVWULEXWLRQ RI PHWDEROLF DQG ? ?
FLUFXODWRU\SDUDPHWHUV VSDQQLQJQRUPDOKHDOWK(IIHFWVRIDYHUDJLQJLQWHUSRODWLRQELQQLQJ ? ?
VWDFNLQJ RU VHSDUDWH ILWWLQJ RI XS WR  WUDQVLWLRQV DQG ILWWLQJ SURFHGXUHV ELH[SRQHQWLDO ? ?
ILWWLQJRU%?LVRODWLRQE\WLPHUHPRYDOVWDWLVWLFDORUGHULYDWLYHPHWKRGVIROORZHGE\PRQR ? ?
H[SRQHQWLDOILWWLQJRQDFFXUDF\DQGSUHFLVLRQRI9O?23NLQHWLFVHVWLPDWLRQZHUHDVVHVVHG7KH ? ?
RSWLPDO VWUDWHJ\ WR PD[LPL]H DFFXUDF\ DQG SUHFLVLRQ RI Ĳ9O?23 HVWLPDWLRQ ZDV V ? ?
LQWHUSRODWLRQ RI  ERXWV HQVHPEOH DYHUDJHG ZLWK WKH ILUVW  V RI H[HUFLVH GDWD UHPRYHG ? ?
&RQWUDGLFWRU\WRSUHYLRXVDGYLFHZHIRXQGRSWLPDOILWWLQJSURFHGXUHVUHPRYHGno more than ? ?
VRI%?GDWD$YHUDJLQJPHWKRGZDVOHVVFULWLFDOLQWHUSRODWLRQELQQLQJDQGVWDFNLQJJDYH ? ?
VLPLODUUHVXOWVHDFKZLWKJUHDWHUDFFXUDF\FRPSDUHGWRDQDO\]LQJUHSHDWHGERXWVVHSDUDWHO\ ? ?
7KH RSWLPDO SURFHGXUH UHVXOWHG LQ %? Ĳ9O?23 HVWLPDWHV IRU WUDQVLWLRQV IURP DQ XQORDGHG RU ? ?
ORDGHGEDVHOLQHWKDWDYHUDJHGDQGVIURPWUXHEXWZHUHZLWKLQVRI ? ?
WUXH LQRQO\RIVLPXODWLRQV2SWLPL]HGFRQILGHQFH LQWHUYDOV IRUĲ9O?23 UDQJHG ? ?
IURP  V VXJJHVWLQJ D PLQLPDOO\ LPSRUWDQW GLIIHUHQFH RI a V WR GHWHUPLQH ? ?
VLJQLILFDQWFKDQJHVLQĲ9O?23GXULQJLQWHUYHQWLRQDODQGFRPSDUDWLYHVWXGLHV ? ?
 ? ?
1(:	127(:257+< ? ?
:H LGHQWLILHG DQ XQELDVHG PHWKRG WR PD[LPL]H DFFXUDF\ DQG SUHFLVLRQ RI R[\JHQ XSWDNH ? ?
NLQHWLFV Ĳ9O?23 HVWLPDWLRQ 7KH RSWLPXP QXPEHU RI ERXWV WR DYHUDJH ZDV IRXU ? ?
LQWHUSRODWLRQ ELQ DQG VWDFNLQJ DYHUDJLQJ PHWKRGV JDYH VLPLODU UHVXOWV &RQWUDGLFWRU\ WR ? ?
 ?

SUHYLRXV DGYLFH ZH IRXQG WKDW RSWLPDO ILWWLQJ SURFHGXUHV UHPRYHG no more than  V RI ? ?
SKDVH  GDWD 2XU GDWD VXJJHVW D PLQLPDOO\ LPSRUWDQW GLIIHUHQFH RI a V WR GHWHUPLQH ? ?
VLJQLILFDQWFKDQJHVLQĲ9O?23GXULQJLQWHUYHQWLRQDODQGFRPSDUDWLYHVWXGLHV ? ?
 ? ?
.(<:25'6 ? ?
2[\JHQXSWDNHNLQHWLFV$FFXUDF\DQGSUHFLVLRQ'DWDKDQGOLQJ&RPSXWDWLRQDOPRGHOLQJ ? ?
 ?

,1752'8&7,21  ? ?
 ? ?
$W WKH RQVHW RI FRQVWDQW SRZHU H[HUFLVH EHORZ WKH ODFWDWH WKUHVKROG /7 LQ KXPDQV ? ?
PLWRFKRQGULDOR[LGDWLYHSKRVSKRU\ODWLRQDQGVXEVHTXHQWO\PXVFOHR[\JHQXSWDNH9O?2PLQ ? ?
DFWLYDWHGPXVFOHLQFUHDVHLQDPDQQHUWKDW LVDQDSSUR[LPDWHILUVWRUGHUH[SRQHQWLDO in vivo ? ?
FI7KHNLQHWLFVRISKDVH%?RIWKHSXOPRQDU\9O?29O?23FKDUDFWHUL]HG ? ?
E\ WKH UHVSRQVH WLPH FRQVWDQW Ĳ IURP UHSHDWHG EUHDWKE\EUHDWK JDV H[FKDQJH ? ?
PHDVXUHPHQWVDUHFRPPRQO\XVHGWRLQIHU9O?2PNLQHWLFVDQGSURYLGHDQRQLQYDVLYHWRROWR ? ?
LQYHVWLJDWH WKH FRQWURO RI H[HUFLVH HQHUJHWLFV    )DVW %? 9O?23 NLQHWLFV UHIOHFW ? ?
HIIHFWLYH FDUGLRSXOPRQDU\ DQG QHXURPXVFXODU LQWHJUDWLRQ DQG DUH DVVRFLDWHG ZLWK KLJK ? ?
HQGXUDQFH H[HUFLVH SHUIRUPDQFH    ZKHUHDV %? 9O?23 NLQHWLFV DUH VORZHG LQ WKH ? ?
HOGHUO\ DQGZLWKFKURQLFGLVHDVH  ,QDGGLWLRQ%?9O?23NLQHWLFVDUH ? ?
VHQVLWLYH WR LQWHUYHQWLRQV WKDW LQIOXHQFH EORRG IORZ GLVWULEXWLRQ DQG PXVFOH 2 GHOLYHU\ ? ?
PXVFOHPHWDEROLVPRUPXVFOHUHFUXLWPHQWPDNLQJWKHPDXVHIXOSURJQRVWLFDWRU ? ?
DQGPHWKRGIRUHYDOXDWLRQRIWKHUDSHXWLFEHQHILW)XUWKHUPRUHWKHNLQHWLFVRI%?RIWKH ? ?
9O?23UHVSRQVH%?GXUDWLRQDQGDPSOLWXGHDUHFOLQLFDOO\GLVFULPLQDWRU\DQGVHQVLWLYHWR ? ?
DJH7KXVWKHVWURQJOLQNEHWZHHQ9O?23NLQHWLFVDQGVWDWHRIKHDOWKSURYLGHVWKHEDVLV ? ?
IRUDQ LQKHUHQWO\DWWUDFWLYHQRQLQYDVLYHDQGHIIRUWLQGHSHQGHQWPHWKRG WRFKDUDFWHUL]H WKH ? ?
HIILFDF\RIWKHLQWHJUDWHGSK\VLRORJLFV\VWHPVUHVSRQVHWRH[HUFLVH ? ?
 ? ?
:KLOH WKHUH DUH JHQHUDO JXLGHOLQHV IRU FKDUDFWHUL]LQJ 9O?23 NLQHWLFV LQ WHUPV RI GDWD ? ?
FROOHFWLRQSURFHVVLQJDQGILWWLQJSURFHGXUHVDUDQJHRISURSRVDOVH[LVWIRUHDFKRIWKHVH ? ?
VWHSVHJ+RZHYHUDV\VWHPDWLFTXDQWLILFDWLRQRIWKHHIIHFWV ? ?
RI WKHVH GLIIHUHQW SURFHGXUHV RQ WKH SUHFLVLRQ DQG DFFXUDF\ RI WKH ILQDO %? GXUDWLRQ DQG ? ?
 ?

DPSOLWXGHDQG%?Ĳ9O?23FKDUDFWHUL]DWLRQDVZHOODVDVWDQGDUGL]DWLRQRIWKHVHSURFHGXUHVLV ? ?
ODFNLQJ ? ?
 ? ?
7KLV VWXG\ WKHUHIRUHDLPHG WR LGHQWLI\DQXQELDVHG LH IUHH IURPKXPDQHUURUPHWKRG IRU ? ?
9O?23 GDWD FROOHFWLRQ KDQGOLQJ DQG ILWWLQJ WKDW DOORZV WKH PRVW DFFXUDWH DQG SUHFLVH ? ?
HVWLPDWLRQ RI 9O?23 NLQHWLFV :H LGHQWLILHG WKLV RSWLPDO FULWHULRQ E\ V\VWHPDWLFDOO\ ? ?
GHWHUPLQLQJWKHLQIOXHQFHVRIDUDQJHRIFRPPRQDQGXQFRPPRQFROOHFWLRQDYHUDJLQJDQG ? ?
ILWWLQJ VWUDWHJLHV RQ ERWK WKH SUHFLVLRQ DQG DFFXUDF\ RI %? GXUDWLRQ DQG DPSOLWXGH DQG %? ? ?
Ĳ9O?23HVWLPDWLRQXVLQJDYDOLGDWHGFDUGLRSXOPRQDU\VLPXODWLRQRIH[HUFLVHJDVH[FKDQJH ? ?
DQGD0RQWH&DUORDSSURDFK ? ?
 ? ?
7+(25(7,&$/&216,'(5$7,216 ? ?
 ? ?
7KH SURFHVV OLQNLQJ 9O?23 GDWD FROOHFWLRQ LQ WKH ODERUDWRU\ RU FOLQLF WR NLQHWLFV ? ?
FKDUDFWHUL]DWLRQ LV W\SLFDOO\ XQGHUWDNHQ LQ WKUHH GLVWLQFW VWHSV L GDWD FROOHFWLRQ LL GDWD ? ?
SURFHVVLQJDQGLLLGDWDILWWLQJ ? ?
 ? ?
Step 1  data collection:6WUDWHJLHVHPSOR\HGLQWKLVVWHSLQFOXGHLGHQWLILFDWLRQRIWKHRSWLPDO ? ?
DOJRULWKPV IRU FDOFXODWLQJ EUHDWKE\EUHDWK JDV H[FKDQJH WR LPSURYH VLJQDOWRQRLVH IRU ? ?
NLQHWLF ILWWLQJ     6WUDWHJLHV WR LPSURYH SULPDU\ 9O?23 GDWD DOVR LQFOXGH WKH ? ?
UHSHWLWLRQRILGHQWLFDOERXWVRIH[HUFLVHZLWKWKHLQWHQWLRQRIFRPELQLQJDQGDYHUDJLQJWKRVH ? ? ?
GDWDLQWKHGDWDSURFHVVLQJVWHS)LJB7KHEUHDWKE\EUHDWKIOXFWXDWLRQV ? ? ?
DOVR UHIHUUHG WR DV ³QRLVH´ LQKHUHQW LQ DQ\ 9O?23 PHDVXUHPHQW DUH XQFRUUHODWHG  DQG ? ? ?
KDYH D *DXVVLDQ GLVWULEXWLRQ LQ DGXOWV DOWKRXJK QRW LQ FKLOGUHQ  ZLWK WKH VWDQGDUG ? ? ?
GHYLDWLRQ6'RI WKLVGLVWULEXWLRQUDQJLQJIURPDSSUR[LPDWHO\WRPOPLQ  ? ? ?
 ?

LQGHSHQGHQWRIPHWDEROLF UDWH :KDW LV OHVVFOHDUKRZHYHU LVKRZGLIIHUHQW VLJQDOWR ? ? ?
QRLVH UDWLRV RU DQDORJRXVO\ WKHQXPEHURI FRPELQHGH[HUFLVHERXWVDIIHFW9O?23NLQHWLFV ? ? ?
HVWLPDWLRQDQG WKHUHIRUHZKHWKHU WKHUH LVDQRSWLPDOQXPEHURIH[HUFLVHERXWV UHTXLUHG WR ? ? ?
HVWLPDWH9O?23NLQHWLFVWRDJLYHQOHYHORIFRQILGHQFH ? ? ?
 ? ? ?
Step 2  data processing: $IWHU WKH UHPRYDO RI RXWO\LQJ EUHDWKV JHQHUDWHG E\ VZDOORZV RU ? ? ?
FRXJKV RU RWKHU µPLVWULJJHUV¶ RI WKH EUHDWK LGHQWLILFDWLRQ DOJRULWKPV DQG XQUHODWHG WR WLGDO ? ? ?
EUHDWKLQJ >W\SLFDOO\ WKRVHEUHDWKVPRUH WKDQRU6'VIURP WKH ORFDOPHDQ @ WKH ? ? ?
VHFRQGVWHSLQYROYHVDYHUDJLQJRIWKHGDWDFROOHFWHGIURPPXOWLSOHH[HUFLVHERXWVWRREWDLQD ? ? ?
VLQJOH SURFHVVHG 9O?23 VLJQDO ZLWK D KLJK VLJQDOWRQRLVH UDWLR SULRU WR NLQHWLF ? ? ?
FKDUDFWHUL]DWLRQ6HYHUDO DYHUDJLQJ WHFKQLTXHV DUH HPSOR\HG )LJ CE WKH PRVW ZLGHO\ ? ? ?
XVHGLQYROYLQJVRPHIRUPRILQWHUSRODWLRQDQGRUDYHUDJLQJ/LQHDULQWHUSRODWLRQRIGDWDSULRU ? ? ?
WR DYHUDJLQJ FRPPRQO\ WR V LQWHUYDOV LVQHFHVVDU\ WRQRUPDOL]HJDV H[FKDQJHVDPSOLQJ ? ? ?
IUHTXHQF\ IURP WKH QRQXQLIRUP EUHDWKE\EUHDWK VDPSOLQJ DQG WKHUHIRUH HQVXUH HTXDO ? ? ?
ZHLJKWLQJRIGDWDDPRQJUHSHDWHGWULDOV)LJC$YHUDJLQJPD\EHLQWKHIRUPRISRVW ? ? ?
LQWHUSRODWLRQHQVHPEOHDYHUDJLQJRUE\DUUDQJLQJXQLQWHUSRODWHGGDWDIURPDOOERXWVLQ ? ? ?
WLPHEHIRUHDYHUDJLQJWKHFRPELQHGEUHDWKVLQWRELQVZKRVHVL]HGHSHQGVRQWKHQXPEHU ? ? ?
RIDYHUDJHGERXWVRUWLPH)LJD7KLV³ELQQLQJ´DSSURDFKWRDYHUDJLQJZKLOH ? ? ?
LPSURYLQJWKHVLJQDOWRQRLVHUDWLRPD\KHOSWRPDLQWDLQWKHGHQVLW\RIWKHGDWDFORVHWRWKDW ? ? ?
DWZKLFKLWZDVFROOHFWHGLHEUHDWKLQJIUHTXHQF\DQGLPSURYHWKHYDOLGLW\RIWKHHVWLPDWHG ? ? ?
FRQILGHQFH LQWHUYDOV   'HVSLWH WKH JHQHUDO SRSXODULW\ DQG DFFHSWDQFH RI WKHVH ? ? ?
DSSURDFKHV VHYHUDORWKHUGDWDSURFHVVLQJPHWKRGVZDUUDQW LQYHVWLJDWLRQ5HFHQW VLPXODWLRQ ? ? ?
VWXGLHVKDYH VXJJHVWHG WKDW VLPSOH VXSHULPSRVLWLRQRI DOO GDWD IURP DOO ERXWVEHIRUH ILWWLQJ ? ? ?
FDQJLYHDFFXUDWH%?Ĳ9O?23HVWLPDWHVZLWKWKHDGGHGVLPSOLFLW\RIUHGXFLQJWKHUHTXLUHPHQW ? ? ?
IRU FRPSOH[ GDWD WUHDWPHQWV )LJ E  $QRWKHU DOWHUQDWLYH DYHUDJLQJ DSSURDFK DQG ? ? ?
 ?

PD\EHRQHWKDWLVVWDWLVWLFDOO\PRUHUREXVW\HWLVQRWW\SLFDOO\XVHGIRUHVWLPDWLQJ9O?23 ? ? ?
NLQHWLFV LQYROYHV ILWWLQJ WKH LQGLYLGXDO H[HUFLVH ERXWV WKHQ DYHUDJLQJ WKH UHVXOWLQJ ILW ? ? ?
SDUDPHWHUV  .LHU HW DO  VKRZHG WKDW YDULRXV VWDFNLQJ LQWHUSRODWLRQ DQG ELQ RU ? ? ?
HQVHPEOH DYHUDJLQJ SURFHGXUHV KDG HVVHQWLDOO\ QR HIIHFW RQ WKH SUHFLVLRQ RI VXEVHTXHQW ? ? ?
Ĳ9O?23 HVWLPDWLRQ ,W UHPDLQV XQFOHDU WKRXJK KRZ DYHUDJLQJ VWUDWHJLHV DIIHFW ERWK WKH ? ? ?
SUHFLVLRQ DQG DFFXUDF\ RI 9O?23 NLQHWLFV HVWLPDWLRQ LQ WKH FRQWH[W RI GLIIHUHQW QXPEHUV RI ? ? ?
DYHUDJHGERXWVDQGGLIIHUHQWDSSURDFKHVWRILWWLQJWKHGDWD ? ? ?
 ? ? ?
Step 3  data fitting:7KHWKLUGVWHSLQYROYHVWKHILWWLQJRIWKHSURFHVVHG9O?23GDWDLQRUGHUWR ? ? ?
REWDLQDQHVWLPDWHRIWKHNLQHWLFVRI9O?237KH9O?23UHVSRQVHWRDVWHSFKDQJHLQZRUNUDWH ? ? ?
LQWKHPRGHUDWHLQWHQVLW\GRPDLQFRQVLVWVRIDQLQLWLDO³FDUGLRG\QDPLF´SKDVHODUJHO\DUHVXOW ? ? ?
RILQFUHDVHGEORRGIORZWKURXJKWKHSXOPRQDU\FLUFXODWLRQIROORZHGE\D³IXQGDPHQWDO´ ? ? ?
SKDVH WKHNLQHWLFVRIZKLFKFORVHO\ UHSUHVHQW WKRVHRI9O?2P LQ\RXQJKHDOWK\DGXOWV )LJ ? ? ?
A 7KLVHQWLUH UHVSRQVHKDVEHHQGHVFULEHGPDWKHPDWLFDOO\XVLQJDSLHFHZLVHEL ? ? ?
H[SRQHQWLDOHTXDWLRQRIWKHIRUP ? ? ?
9O?23O?ݐO?ൌ 9O?23ǡ ൅ ܣଵൣͳ െ ݁ି௧ ఛభΤ ൧ ൅ ܪO?ݐO?ܣଶൣͳ െ ݁ିO?௧ି்஽O?ఛమΤ ൧ܪO?ݐO?ൌ ൜Ͳ ݐ ൏ ܶܦͳ ݐ ൒ ܶܦ 
ZKHUH t LV WLPH 9O?23ǡ LV EDVHOLQH 9O?23 A DQG A DUH WKH DPSOLWXGHV RI WKH ILUVW DQG ? ? ?
VHFRQGSKDVHVRIWKHUHVSRQVHĲDQGĲDUHWLPHFRQVWDQWVDVVRFLDWHGZLWKHDFKSKDVHRIWKH ? ? ?
UHVSRQVHTDLVDWLPHGHOD\DQGHtLVWKH+HDYLVLGHVWHSIXQFWLRQFI*HQHUDOO\WKH ? ? ?
SDUDPHWHU RI PRVW LQWHUHVW LV Ĳ LH %? Ĳ9O?23 +RZHYHU %? LV D FRPSOH[ SK\VLRORJLFDO ? ? ?
FRQVWUXFW LQIOXHQFHGE\VHYHUDOSURFHVVHV LQFOXGLQJFKDQJHV LQPL[HGYHQRXVJDV WHQVLRQV ? ? ?
SXOPRQDU\SHUIXVLRQDQGHQGH[SLUDWRU\OXQJYROXPHZKLFKVXPWRJHQHUDWHDUHVSRQVHWKDW ? ? ?
RIWHQ GHYLDWHV IURP D PRQRH[SRQHQWLDO   ,Q DGGLWLRQ WKHUH DUH VHYHUDO SUDFWLFDO ? ? ?
 ?

GLIILFXOWLHVZKHQXVLQJ(TXDWLRQWRILW9O?23GDWD3KDVHW\SLFDOO\FRQWDLQVRQO\DIHZ ? ? ?
EUHDWKVW\SLFDOO\RULQRXUVLPXODWLRQVVHH)LJBDQGILWWLQJVRIHZGDWDSRLQWVZLWK ? ? ?
WKHILUVWH[SRQHQWLDOWHUPLQ(TXDWLRQGUDVWLFDOO\UHGXFHVWKHFRQILGHQFHRIWKHSDUDPHWHU ? ? ?
HVWLPDWLRQVLQWKDWILUVWH[SRQHQWLDOWHUP7KHLQIOXHQFHRIWKLVSRWHQWLDOO\XQFRQILGHQW%?ILW ? ? ?
FRQWLQXHVLQWR%?DIIHFWLQJĲ%?Ĳ9O?23HVWLPDWLRQSDUWLFXODUO\LIWKHILWWRWKH%?GDWDGRHV ? ? ?
QRWUHDFKDVWHDG\VWDWHEHIRUH%?EHJLQVLHDWt TD)XUWKHUPRUHPRVWQRQOLQHDUOHDVW ? ? ?
VTXDUHVDOJRULWKPVXVHGE\GDWDILWWLQJVRIWZDUHWKH/HYHQEHUJ0DUTXDUGWDOJRULWKPEHLQJ ? ? ?
WKHVWDQGDUGUHTXLUHWKHFDOFXODWLRQRIGHULYDWLYHVDQGFDQQRWKDQGOHWKH+HDYLVLGHVWHS ? ? ?
IXQFWLRQLQ(TXDWLRQWKHSDUDPHWHUVADQGĲDUHVKDUHGRYHUDQGLQIOXHQFHGE\WKHGDWD ? ? ?
LQWKHWZRGLIIHUHQWVXEGRPDLQVtTDRU%?DQGtTDRU%?DQGWKHH[WHQWVRIWKHVXE ? ? ?
GRPDLQV WKHPVHOYHV DUH GHWHUPLQHG E\ WKH SDUDPHWHU TD $V VXFK ILWWLQJ (TXDWLRQ  LV ? ? ?
GLIILFXOW ZLWKRXW FXVWRP LPSOHPHQWDWLRQ RI DOWHUQDWLYH SRWHQWLDOO\ OHVV UREXVW QRQOLQHDU ? ? ?
ILWWLQJDOJRULWKPVVXFKDVGLUHFWVHDUFKPHWKRGV$VWKHSDUDPHWHURIPRVWLQWHUHVWLVWKH ? ? ?
WLPHFRQVWDQWRI%?DQDOWHUQDWLYHDQGWKHPRVWFRPPRQO\XVHGDSSURDFKLVWRLVRODWHWKH ? ? ?
%?GDWDWKHQILWWKHVHGDWDZLWKDPRQRH[SRQHQWLDOHTXDWLRQRIWKHIRUP ? ? ? O?ʹO?ݐO?ൌ O?ʹǡ ൅ ܣൣͳ െ ݁ିO?௧ି்஽O?ఛΤ ൧ 
6XFK D PRQRH[SRQHQWLDO HTXDWLRQ DFFXUDWHO\GHVFULEHV WKH %? 9O?23 UHVSRQVH WR PRGHUDWH ? ? ?
LQWHQVLW\VWHSH[HUFLVHDQGFDQEHKDQGOHGE\PRVWQRQOLQHDUOHDVWVTXDUHVDOJRULWKPV ? ? ?
,I(TXDWLRQLVXVHGWRILWWKH9O?23GDWDDQGREWDLQDQHVWLPDWHRI%?Ĳ9O?23LWLVQHFHVVDU\ ? ? ?
WR RPLW WKH %? GDWD IURP WKH ILW 7KH PRVW ZLGHO\XVHG PHWKRGVIRU UHPRYLQJ %? GDWD DUH ? ? ?
HPSLULFDOO\GHULYHG WLPHUHPRYDO PHWKRGV ZKHUH ³DW OHDVW´ WKH ILUVW  V RI GDWD IURP WKH ? ? ?
H[HUFLVH WUDQVLHQW DUH UHPRYHG SULRU WR ILWWLQJ     7KH UDWLRQDOH EHKLQG WKLV ? ? ?
VWUDWHJ\ LV WKDW EHFDXVH %? LV H[SHFWHG WR ODVW OHVV WKDQ V DQG WKH%? 9O?23 UHVSRQVH LV ? ? ?
H[SHFWHGWREHH[SRQHQWLDOVWDUWLQJWKHILWIURPDQ\JLYHQSRLQWSDVWWKH%?WUDQVLWLRQZLOO ? ? ?
\LHOGDQ LGHQWLFDO WLPHFRQVWDQW WKDW UHSUHVHQWV WKHXQGHUO\LQJ%?NLQHWLFVZKHUHDV VWDUWLQJ ? ? ?
 ?

WKH ILW IURP DQ\ SRLQW EHIRUH WKH %? WUDQVLWLRQ ZLOO UHVXOW LQ D ODUJHU LQFRUUHFW WLPH ? ? ?
FRQVWDQW IRU %?    +RZHYHU WKH %? 9O?23 UHVSRQVH LV QRW WUXO\ H[SRQHQWLDO EXW ? ? ?
UDWKHU LVDQRQOLQHDUGLVWRUWLRQRIDPRQRH[SRQHQWLDO9O?2P UHVSRQVH FI ? ? ?
7KXV FRQWUDU\ WR Ĳ9O?2P WKH Ĳ9O?23 LV QRW D ³WUXH´ FRQVWDQW WKURXJKRXW WKH WUDQVLHQW DQG ? ? ?
ILWWLQJDQH[SRQHQWLDOHTXDWLRQIURPGLIIHUHQWSRLQWVLQVXFKDQRQH[SRQHQWLDO%?ZLOO\LHOG ? ? ?
YDU\LQJYDOXHVIRUĲ9O?23SURJUHVVLYHO\ODUJHUYDOXHVDVWKHILWLVVWDUWHGIURPODWHULQ%?FI ? ? ?
 6XFK EHKDYLRU LV VXJJHVWHG LQ WKH HPSLULFDO UHVXOWV RI 0XULDV HW DO  ZKHUH Ĳ9O?23 ? ? ?
EHFRPHVODUJHUDVWKHLPSRVHGH[SRQHQWLDOILWLVVWDUWHGIURPODWHULQWKHH[HUFLVHWUDQVLHQWDW ? ? ?
OHDVW LQROGHUDGXOWV$OWKRXJKĲ9O?23 LV LQIOXHQFHGE\DFRPSOH[ LQWHUDFWLRQRIFLUFXODWRU\ ? ? ?
DQG JDV H[FKDQJH UHVSRQVHV WR H[HUFLVH DQG %? 9O?23 LV QRW TXLWH H[SRQHQWLDO D PRQR ? ? ?
H[SRQHQWLDO ILW RI PRGHUDWH LQWHQVLW\ 9O?23 NLQHWLFV UHPDLQV D XVHIXO FRQFLVH DQG HIIRUW ? ? ?
LQGHSHQGHQW PHWKRG WR FKDUDFWHUL]H WKH LQWHJUDWHG G\QDPLF UHVSRQVLYHQHVV RI ? ? ?
FDUGLRSXOPRQDU\ DQG QHXURPXVFXODU KHDOWK 1HYHUWKHOHVV LW VHHPV FUXFLDO WKDW all data ? ? ?
FRQWDLQHGLQWKH%?UHVSRQVHEXWnoneRI WKH%?GDWDDUHILWWHGLQRUGHUWRREWDLQWKHPRVW ? ? ?
DFFXUDWHFKDUDFWHUL]DWLRQRI9O?23NLQHWLFV$VVXFKDFFXUDWHLGHQWLILFDWLRQRIWKH%? ? ? ?
WUDQVLWLRQLVSDUDPRXQW ? ? ?
 ? ? ?
:KHQXVLQJWKHPRQRH[SRQHQWLDO(TXDWLRQWRILW9O?23GDWDKXPDQHUURULQVHOHFWLQJWKH ? ? ?
%?WUDQVLWLRQFDQOHDGWRDQXQLQWHQGHGELDVLQĲ9O?23HVWLPDWLRQDQGVRDQLGHDOXQELDVHG ? ? ?
PHWKRGIRULVRODWLQJ%?GDWDIRUVXFKDILWZRXOGEHEDVHGRQHLWKHULLGHQWLILFDWLRQRIVRPH ? ? ?
consistentWLPHSHULRGUDWKHUWKDQOHDYLQJWKHFKRLFHWRWKHLQGLYLGXDOUHVHDUFKHUDWWKHVWDUW ? ? ?
RIH[HUFLVHGXULQJZKLFKGDWDVKRXOGEHUHPRYHGRULLVRPHRWKHULQIRUPDWLRQLQWKHGDWD ? ? ?
LWVHOIWKDWFRXOGDOJRULWKPLFDOO\LGHQWLI\WKH%?WUDQVLWLRQ ? ? ?
 ? ? ?
 ? ?

5DWKHU WKDQ HPSOR\LQJ HPSLULFDO WLPHUHPRYDO PHWKRGV WKH DEUXSW FKDQJH LQ 9O?23 DW WKH ? ? ?
%?WUDQVLWLRQPD\EHLGHQWLILDEOHIURPWKH9O?23GDWDXVLQJHLWKHUWKHSHDNWLPHGHULYDWLYH ? ? ?
RI WKH 9O?23 GDWD  RU VWDWLVWLFDO PHDVXUHV UHIOHFWLQJ WKH EHVW FRQILGHQFH LQ WKH ILW ? ? ?
SDUDPHWHUV >HJ WKH VPDOOHVW FRQILGHQFH LQWHUYDO RI WKH REWDLQHG WLPH FRQVWDQW @ ? ? ?
$OWKRXJK WKHRUHWLFDOO\ VRXQG LQ WKDW ERWK PHWKRGV FDQ LGHQWLI\ DEUXSW FKDQJHV LQ D ? ? ?
FRQWLQXRXVVLJQDO WKHLUDSSOLFDWLRQ WRH[SHULPHQWDO9O?23GDWDPD\EHKLQGHUHGE\ WKH ORZ ? ? ?
VDPSOLQJ UDWH UHODWLYH WR WKHGXUDWLRQRI%?DQGQRLVH LQKHUHQW LQ WKRVHGDWD:KHWKHU WKH ? ? ?
XVH RI GHULYDWLYHV RU VWDWLVWLFDO PHWKRGV WR LGHQWLI\ WKH %?WUDQVLWLRQ UHVXOWV LQ LPSURYHG ? ? ?
Ĳ9O?23 HVWLPDWHV RYHU WKH HPSLULFDO WLPHUHPRYDO PHWKRGV FXUUHQWO\ IDYRUHG UHPDLQV WREH ? ? ?
LQYHVWLJDWHG ? ? ?
 ? ? ?
6HYHUDO VWXGLHV KDYH H[DPLQHG WKH HIIHFWV RI WKH GLIIHUHQW VWUDWHJLHV HPSOR\HG LQ WKH WKUHH ? ? ?
VWHSV GHVFULEHG DERYH RQ WKH FRQILGHQFH RI 9O?23 NLQHWLF SDUDPHWHU HVWLPDWHV XVLQJ ? ? ?
H[SHULPHQWDOGDWD>HJ%?WUDQVLWLRQDQG%?Ĳ9O?23@+RZHYHUDOLPLWDWLRQ ? ? ?
RI VXFK VWXGLHV LV WKDW WKH WUXH XQGHUO\LQJ 9O?23 NLQHWLF SDUDPHWHUV DUH XQNQRZQ VXFK ? ? ?
H[SHULPHQWDO PHWKRGV FDQ WKHUHIRUH JLYH DQ LQGLFDWLRQ RI WKH SUHFLVLRQ RI 9O?23 NLQHWLFV ? ? ?
HVWLPDWLRQ EXW QRW RI LWV DFFXUDF\ &RPSXWDWLRQDO DSSURDFKHV XVLQJ 0RQWH &DUOR PHWKRGV ? ? ?
FDQRYHUFRPHVRPHRIWKHVHOLPLWDWLRQV)RUWKLVDVLPXODWLRQLVILUVWXVHGWRSURGXFHD ? ? ?
FOHDQ FRQWLQXRXV 9O?23 WUDFH ZLWK NQRZQ NLQHWLF SDUDPHWHUV 7KLV WUDFH LV WKHQ VDPSOHG ? ? ?
XVLQJ VLPXODWLRQV RI EUHDWKLQJ IUHTXHQF\ DQG *DXVVLDQ QRLVH LV DGGHG XVLQJ NQRZQ ? ? ?
FKDUDFWHULVWLFVWRSURGXFHDGDWDVHWZLWKVLPLODUVDPSOLQJQRLVHDQGNLQHWLFFKDUDFWHULVWLFVDV ? ? ?
H[SHULPHQWDOO\REWDLQHG 9O?23 GDWD EXW ZKHUH WKH XQGHUO\LQJ 9O?23 NLQHWLF SDUDPHWHUV DUH ? ? ?
NQRZQ  ,Q DGGLWLRQ WKH VDPH FOHDQ WUDFH FDQ EH UDQGRPO\ UHVDPSOHG DQG QHZ QRLVH ? ? ?
DGGHGWRSURGXFHIXUWKHUQRLV\GDWDVHWVEXWDOOZLWKWKHVDPHXQGHUO\LQJNLQHWLFSDUDPHWHUV ? ? ?
DQDORJRXV WR REWDLQLQJ H[SHULPHQWDO 9O?23 GDWD GXULQJ UHSHDWHG ERXWV RI H[HUFLVH IURP D ? ? ?
 ? ?

VLQJOH VXEMHFW7KXV WKHVH 0RQWH &DUOR PHWKRGV DOORZERWK WKHSUHFLVLRQ DQG DFFXUDF\ RI ? ? ?
9O?23ILWWLQJPHWKRGVWREHV\VWHPDWLFDOO\DVVHVVHG ? ? ?
 ? ? ?
&RPSXWDWLRQDO DSSURDFKHV KDYH EHHQ SUHYLRXVO\ DSSOLHG XVLQJ D VLPSOH GHOD\HG PRQR ? ? ?
H[SRQHQWLDORUDELH[SRQHQWLDO9O?23UHVSRQVHJHQHUDWHGin silico+RZHYHU ? ? ?
DVWKHXQGHUO\LQJ9O?23NLQHWLFVGRQRWIROORZDVLPSOHPRQRRUELH[SRQHQWLDOWLPHFRXUVH ? ? ?
LWLVQHFHVVDU\WRXVHDYDOLGDWHGVLPXODWLRQRI9O?23NLQHWLFVWKDWWDNHVLQWRDFFRXQW ? ? ?
KRZFLUFXODWRU\G\QDPLFVPRGXODWHWKHPRQRH[SRQHQWLDO9O?2PUHVSRQVHWRSURGXFHWKH%? ? ? ?
DQG %? 9O?23 UHVSRQVHV  6XFK FRPSXWDWLRQDOO\SURGXFHG GDWDVHWV FDQ WKHUHIRUH FRQWDLQ ? ? ?
WKH LQIOXHQFH RI QRUPDO YDULDWLRQ LQ WKH VWHDG\ VWDWHV DQG NLQHWLFV RI IRU H[DPSOH FDUGLDF ? ? ?
RXWSXW PXVFOH EORRG IORZ DQG 9O?2P WR GHULYH D GLVWULEXWLRQ RI 9O?23 FKDUDFWHULVWLFV ? ? ?
LQFOXGLQJ%?GXUDWLRQDQGDPSOLWXGHDQG%?Ĳ9O?23DQDORJRXV WRFROOHFWLQJH[SHULPHQWDO ? ? ?
9O?23GDWDIURPDODUJHQXPEHURIKHDOWK\KXPDQVXEMHFWV  ? ? ?
 ? ?

0(7+2'6 ? ? ?
 ? ? ?
:HXVHGDYDOLGDWHGVLPXODWLRQRI9O?2DQGFLUFXODWRU\G\QDPLFLQWHUDFWLRQVGXULQJPRGHUDWH ? ? ?
LQWHQVLW\ F\FOLQJ H[HUFLVH LQ KXPDQV  WKDW DFFRXQWV IRU WKH YDVFXODU FDSDFLWDQFHV DQG ? ? ?
FLUFXODWRU\G\QDPLFVWKDWFDXVHDPRQRH[SRQHQWLDO9O?2PUHVSRQVHWRPDQLIHVWDWWKHOXQJV ? ? ?
DV D WKUHHSKDVH 9O?23 UHVSRQVHZLWK D FDUGLRG\QDPLF%? DQHDUH[SRQHQWLDO IXQGDPHQWDO ? ? ?
%? DQG D VWHDG\VWDWH %? 7KH VLPXODWLRQ 9O?23 RXWSXWV LQLWLDOO\ KDYH QR QRLVH VR WKH ? ? ?
EDVHOLQH9O?23VWHDG\VWDWH%?GXUDWLRQDQGDPSOLWXGH%?Ĳ9O?23DQG%?9O?23VWHDG\VWDWH ? ? ?
IRUHDFKRXWSXWDUHSUHFLVHO\NQRZQ7KLVDOORZVTXDQWLILFDWLRQRIERWKWKHDFFXUDF\DQGWKH ? ? ?
SUHFLVLRQRIVXEVHTXHQWILWVWRWKHGDWD ? ? ?
  ? ? ?
Data production:7KHPLQLPXPUHTXLUHGQXPEHURI0RQWH&DUORLWHUDWLRQVnZDVHVWLPDWHG ? ? ?
IURP WKH FHQWUDO OLPLW WKHRUHP  XVLQJ ݊ ൌ ൫ݖఈ ଶΤ ߪ ߝΤ ൯ଶ ZKHUH ݖఈ ଶΤ  LV WKH ] VFRUH ? ? ?
DVVRFLDWHGZLWKVLJQLILFDQFHOHYHOߙߪLVWKHHVWLPDWHG6'RIWKHVLPXODWLRQRXWSXWDQGߝLV ? ? ?
WKHDFFHSWDEOHPDUJLQRIHUURUIRUWKHVLPXODWLRQRXWSXWHTXDOWRKDOIWKHUHTXLUHGFRQILGHQFH ? ? ?
LQWHUYDO:HVHWߙDWWRJLYHݖఈ ଶΤ ൌ ͳǤͻ͸LWZDVDVVXPHGWKDWWKH6'RI%?Ĳ9O?23RXU ? ? ?
SDUDPHWHU RI LQWHUHVW SURGXFHG E\ VWRFKDVWLF VLPXODWLRQV ZRXOG EH  V >EDVHG RQ WKH ? ? ?
H[SHULPHQWDOGDWDXVHGWRSDUDPHWHUL]HWKHVLPXODWLRQV@DQGWKHDFFHSWDEOHPDUJLQRI ? ? ?
HUURUZDVVHWDWVWKHVDPHDVWKHVLPXODWLRQWLPHUHVROXWLRQ7KLVSUHGLFWHGDPLQLPXP ? ? ?
LWHUDWLRQQXPEHURI݊ ZHWKHUHIRUHSHUIRUPHGLWHUDWLRQVGXULQJWKH0RQWH&DUOR ? ? ?
VLPXODWLRQV ? ? ?
 ? ? ?
:H H[DPLQHG WZR SURWRFROV IRU D VWHS LQFUHDVH LQ ZRUN UDWH :5 ERWK FRQVWUDLQHG WREH ? ? ?
ZLWKLQ WKH PRGHUDWH LQWHQVLW\ H[HUFLVH GRPDLQ WKH ILUVW IURP XQORDGHG SHGDOLQJ 83:5 ? ? ?
DQGWKHVHFRQGIURPDUDLVHGEDVHOLQH:5:5)RUHDFKRIWKHVHWZRSURWRFROVFOHDQ ? ? ?
 ? ?

WLPHUHVROXWLRQ V9O?23VLPXODWLRQVHDFKZLWKGLIIHUHQWNLQHWLFVZHUHSURGXFHGVHH ? ? ?
)LJAIRUDQH[DPSOH7KHVWDUWRIWKHVWHSLQFUHDVHLQ:5ZDVVHWWRt  V6LPXODWLRQ ? ? ?
LQSXW SDUDPHWHUV ZHUH YDULHG VWRFKDVWLFDOO\  XVLQJ GLVWULEXWLRQV WDNHQ IURP WKH GDWD RI ? ? ?
*UDVVL HW DO  DQG %HQVRQ HW DO  7DEOH  7KLV SURYLGHG VLPXODWLRQV ZLWK QRUPDO ? ? ?
SK\VLRORJLFYDULDWLRQ LQ IRUH[DPSOHEDVHOLQH9O?239O?23JDLQο9O?23 ο:Τ  WKHUHODWLYH ? ? ?
LQFUHDVH LQ FDUGLDF RXWSXW ο4O?P ο9O?2PΤ  DQG WKH NLQHWLFV RI FDUGLDF RXWSXW DQG 9O?2 ? ? ?
Ĳ4O?P Ĳ9O?2PΤ 3DUDPHWHU VHWV WKDW UHVXOWHG LQ YHQRXV 2 FRQFHQWUDWLRQ GURSSLQJ WR ]HUR DW ? ? ?
DQ\ SRLQW GXULQJ WKH VLPXODWHG H[HUFLVH WUDQVLHQW ZHUH GLVFDUGHG DQG D QHZ SDUDPHWHU VHW ? ? ?
ZDVJHQHUDWHG ? ? ?
 ? ? ?
(DFKRIWKHVHîFOHDQWUDFHVRQHVHWRI83:5DQGRQHVHWRI:5:5VLPXODWLRQV ? ? ?
ZDVWKHQVDPSOHGDWDYDULDEOHEUHDWKLQJIUHTXHQF\7KHVDPSOLQJLQWHUYDOZDVEDVHGRQWKH ? ? ?
UHODWLRQVKLS EHWZHHQ EUHDWKLQJ IUHTXHQF\ EI DQG 9O?23 LQ GDWD FROOHFWHG GXULQJ PRGHUDWH ? ? ?
LQWHQVLW\ H[HUFLVH LQ RXU ODERUDWRU\ DQG ZDV JLYHQ E\ EIO?ݐO?ൌ ͺ ൈ 9O?23O?ݐO?൅ ͺ *DXVVLDQ ? ? ?
QRLVHZLWKDQ6'RIͲǤʹͷ ൈ EIO?ݐO?ZDVVXEVHTXHQWO\DGGHGWRWKLVLQWHUYDOZLWKWKH ? ? ?
QRLVH FRQVWUDLQHG WR EH QR JUHDWHU WKDQ  6'V WR DYRLG XQSK\VLRORJLFDOO\ODUJH LQWHUYDOV ? ? ?
EHWZHHQVDPSOHG³EUHDWKV´ ? ? ?
 ? ? ?
:HWKHQDGGHG*DXVVLDQ9O?23QRLVHWRHDFK³EUHDWK´WKH6'RIWKLVQRLVHGLVWULEXWLRQZDV ? ? ?
UDQGRPO\ VDPSOHG IRU HDFK FOHDQ WUDFH IURP D *DXVVLDQGLVWULEXWLRQZLWK D PHDQ RI  ? ? ?
POPLQ DQG DQ 6' RI  POPLQ >FDOFXODWHG IURP WKH LQGLYLGXDO YDOXHV UHSRUWHG LQ ? ? ?
/DPDUUDHWDODQG5RVVLWHUHWDOn @ZLWKWKHREWDLQHGYDOXHFRQVWUDLQHGWREH ? ? ?
ZLWKLQ6'RIWKHPHDQWRDYRLGGDWDVHWVWKDWZHUHXQSK\VLRORJLFDOO\QRLV\ ? ? ?
 ? ? ?
 ? ?

7KHVH SURFHGXUHV SURGXFHG IURP WKH FOHDQ VLPXODWLRQ RXWSXW D WUDFH ZLWK WKH VDPSOLQJ ? ? ?
QRLVH DQGNLQHWLF FKDUDFWHULVWLFVREVHUYHG LQ H[SHULPHQWDOO\FROOHFWHGGDWD VHH )LJ B IRU ? ? ?
H[DPSOHV )RU DOO  [  FOHDQ VLPXODWLRQV WKLV VDPSOLQJ DQG QRLVH SURFHGXUH ZDV ? ? ?
SHUIRUPHGWLPHVWRVLPXODWHERXWVRIH[HUFLVHUHSHDWHGE\DVLQJOHVXEMHFWVHH)LJA ? ? ?
BIRUH[DPSOHV$WWKHHQGRIWKLV0RQWH&DUORSURFHGXUHZHWKHUHIRUHKDGQRLV\83 ? ? ?
:5 GDWDVHWV LH  ³VXEMHFWV´ HDFK ZLWK GLIIHUHQW SK\VLRORJLFDO FKDUDFWHULVWLFV ZKR ? ? ?
SHUIRUPHGPRGHUDWH LQWHQVLW\VWHSH[HUFLVH IURPXQORDGHGSHGDOLQJHDFKGDWDVHWFRQWDLQHG ? ? ?
 QRLV\ WUDFHV IURP VHSDUDWH ³H[HUFLVH ERXWV´ LH HDFK VXEMHFW SHUIRUPHG WKH VDPH :5 ? ? ?
SURWRFROWLPHV$IXUWKHUQRLV\:5:5GDWDVHWVZLWKHDFKGDWDVHWDJDLQFRQWDLQLQJ ? ? ?
 WUDFHV IURP VHSDUDWH H[HUFLVH ERXWV ZHUH SURGXFHG 7KXV D WRWDO RI  [  VLPXODWHG ? ? ?
PRGHUDWHLQWHQVLW\³H[HUFLVHERXWV´LQ[³VXEMHFWV´ZHUHSURGXFHGZKLFKVDPSOHGWKH ? ? ?
QRUPDOYDULDWLRQRINH\SDUDPHWHUVREVHUYHGLQKHDOWK\\RXQJKXPDQV1RWHWKDWGHVSLWHWKH ? ? ?
VDPSOLQJ DQG QRLVH SURFHGXUH XVHG WR SURGXFH WKH GDWD WKH WUXH XQGHUO\LQJ NLQHWLF ? ? ?
FKDUDFWHULVWLFVRI DQ\JLYHQQRLV\ WUDFHZHUHNQRZQ IURP WKHNLQHWLFVRI WKHRULJLQDOFOHDQ ? ? ?
VLPXODWLRQIURPZKLFKLWZDVSURGXFHG ? ? ?
 ? ? ?
Data processing: 2XWO\LQJ EUHDWKV ZHUH ILUVW UHPRYHG E\ ILWWLQJ (TXDWLRQ  WR WKH QRLV\ ? ? ?
WUDFHV DQG UHPRYLQJ EUHDWKV WKDW OD\ IXUWKHU WKDQ  6'V DZD\ IURP WKH ORFDO PHDQ LH ? ? ?
RXWVLGHWKHSUHGLFWLRQEDQGVRIWKHILW)RUHDFKGDWDVHWZHXVHGWKHIROORZLQJ ? ? ?
GDWD SURFHVVLQJ WHFKQLTXHV FRYHULQJ D UDQJH RI FRPPRQO\XVHG RU SRWHQWLDOO\XVHIXO ? ? ?
PHWKRGVWRSURFHVVXSWRERXWVRIQRLV\GDWDVHH)LJIRUH[DPSOHVL,QWHUSRODWLRQRI ? ? ?
HDFKERXWWRVLQWHUYDOVEHIRUHHQVHPEOHDYHUDJLQJDFURVVERXWV³LQWHUSRODWHG´LL7LPH ? ? ?
DOLJQPHQWRIGDWDIURPWKHERXWV WREHDYHUDJHGEHIRUHELQDYHUDJLQJLQWRELQVZKRVHVL]H ? ? ?
GHSHQGV RQ WKH QXPEHU RI ERXWV EHLQJ DYHUDJHG ³ELQQHG´ LLL 6XSHULPSRVLWLRQ RU ? ? ?
VWDFNLQJ RI WKH GDWD IURP GLIIHUHQW ERXWV ZLWK QR IXUWKHU LQWHUSRODWLRQ RU DYHUDJLQJ ? ? ?
 ? ?

³VWDFNHG´ LY )LWWLQJ RI LQGLYLGXDO ERXWV VHH EHORZ IROORZHG E\ DYHUDJLQJ RI ILW ? ? ?
SDUDPHWHUVDFURVVERXWV³VHSDUDWH´ ? ? ?
 ? ? ?
Data fitting: )RU HDFK SURFHVVHG 9O?23 WUDFH ZH ILW WKH ELH[SRQHQWLDO (TXDWLRQ  WR WKH ? ? ?
HQWLUH %? DQG %? GDWD DQG XVHG WKH IROORZLQJ VWUDWHJLHV IRU LGHQWLILFDWLRQ RI WKH %? ? ? ?
WUDQVLWLRQDQGVXEVHTXHQWO\ILWWKHPRQRH[SRQHQWLDO(TXDWLRQWRWKHLVRODWHG%?GDWDL ? ? ?
(PSLULFDOWLPHUHPRYDOPHWKRGVZKHUHRUVRIGDWDZHUHUHPRYHGIURPWKH ? ? ?
EHJLQQLQJ RI HDFK SURFHVVHG 9O?23 WUDFH LL 8VH RI 9O?23 WLPH GHULYDWLYHV RQ ERWK ? ? ?
XQVPRRWKHG DQG VPRRWKHG ZLWK D PRYLQJ EUHDWK DYHUDJH SURFHVVHG GDWD ZKHUH WKH ? ? ?
KLJKHVWGHULYDWLYHRI9O?23ZLWKUHVSHFWWRWLPHGXULQJWKHILUVWVRIH[HUFLVHZDVWDNHQDV ? ? ?
WKH%?WUDQVLWLRQLLL6WDWLVWLFDOPHWKRGVWRLGHQWLI\WKH%?WUDQVLWLRQZKHUHDGDWXPZDV ? ? ?
LQFUHPHQWDOO\UHPRYHGIURPWKHEHJLQQLQJRIHDFKGDWDVHWXQWLOVLQWRH[HUFLVHDQGWKH ? ? ?
UHPDLQLQJ GDWD ZHUH ILW XVLQJ WKH PRQRH[SRQHQWLDO (TXDWLRQ  WKH UHGXFHG FKLVTXDUHG ? ? ?
߯UHGଶ  DGMXVWHG FRHIILFLHQW RI GHWHUPLQDWLRQ  തܴଶ FRQILGHQFH LQWHUYDO IRU WKH WLPH FRQVWDQW ? ? ?
&,ĲDQGWKHFRUUHFWHG$NDLNHLQIRUPDWLRQFULWHULRQ$,&FZHUHWKHQFDOFXODWHGIRUHDFKILW ? ? ?
 WKHILUVWGDWXPLQWKHILW WKDWUHWXUQHGWKHPLQLPXPVWDWLVWLFDOYDOXHRUPD[LPXP ? ? ?
IRU തܴଶZDVWDNHQDVWKHLGHQWLILHG%?±WUDQVLWLRQIRUWKDWVWDWLVWLFDOPHWKRG6HH5RVVLWHUHW ? ? ?
DOIRUDQH[DPSOHXVLQJ&,ĲWRLGHQWLI\WKH%?±WUDQVLWLRQ)RUHDFKSURFHVVHGWUDFHZH ? ? ?
WKHUHIRUHREWDLQHGILWVWRWKHGDWDRQHXVLQJWKHELH[SRQHQWLDOILWWRWKHHQWLUH%?DQG%? ? ? ?
GDWD DQG  XVLQJ D PRQRH[SRQHQWLDO ILW WR LVRODWHG %? GDWD ILYH XVLQJ HPSLULFDO WLPH ? ? ?
UHPRYDOPHWKRGVWZRXVLQJ9O?23WLPHGHULYDWLYHVDQGIRXUXVLQJVWDWLVWLFDOPHDVXUHV$VD ? ? ?
FRQWURO FRQGLWLRQ IRU HDFK SURFHVVHG WUDFH ZH DOVR ILW WKH WUXH LVRODWHG QRLV\ %?GDWD ZLWK ? ? ?
(TXDWLRQLHWKHGDWDZHUHILWEHJLQQLQJDWWKHWUXHILUVW³EUHDWK´LQ%?NQRZQIURPWKH ? ? ?
FOHDQVLPXODWLRQ(DFKRIWKHVHPHWKRGVSURYLGHGDQHVWLPDWHRIWKH%?±WUDQVLWLRQ>LH ? ? ?
TD IURP(TXDWLRQ ZKHQXVLQJ WKHELH[SRQHQWLDO ILWRU WKH LGHQWLILHG ILUVWEUHDWK LQ%? ? ? ?
 ? ?

ZKHQXVLQJ WKHPRQRH[SRQHQWLDO ILWV@DQGDQHVWLPDWHRI%?Ĳ9O?23 >LH Ĳ IURPILWVXVLQJ ? ? ?
(TXDWLRQ  RU Ĳ IURP ILWV XVLQJ (TXDWLRQ @ 7KH %? DPSOLWXGH DV D SHUFHQWDJH RI WKH ? ? ?
VWHDG\VWDWHUHVSRQVHZDVHVWLPDWHGIURPWKHYDOXHRIWKHILWDWWKHLGHQWLILHG%?±WUDQVLWLRQ ? ? ?
(DFKRIWKH%?WUDQVLWLRQ%?DPSOLWXGHDQG%?Ĳ9O?23HVWLPDWHVZHUHWKHQFRPSDUHGWRWKH ? ? ?
NQRZQ WUXH XQGHUO\LQJ YDOXHV REWDLQHG IURP WKH FOHDQ VLPXODWHG 9O?23 WUDFH 7KHVH WUXH ? ? ?
YDOXHVUHSUHVHQWWKHPRVWDFFXUDWHHVWLPDWHVSRVVLEOHRI%?DQG%?9O?23NLQHWLFV ? ? ?
 ? ? ?
Numerical methods and statistical analyses:'HWDLOVRIWKHPRGHOXVHGWRSURGXFHWKHFOHDQ ? ? ?
9O?23 GDWD DORQJ ZLWK QXPHULFDO PHWKRGV DUH JLYHQ LQ %HQVRQ HW DO  %HFDXVH RI LWV ? ? ?
XQLTXH SLHFHZLVH QDWXUH (TXDWLRQ  ZDV ILW XVLQJ D FXVWRP GLUHFW VHDUFK PHWKRG  ? ? ?
DOWKRXJK WKLV SUHFOXGHG FDOFXODWLRQ RI SDUDPHWHU FRQILGHQFH LQWHUYDOV (TXDWLRQ  ZDV ILW ? ? ?
XVLQJ WKH/HYHQEHUJ0DUTXDUGW DOJRULWKP 9DOXHV DUH SUHVHQWHG DV PHDQ 6'XQOHVV ? ? ?
RWKHUZLVH VWDWHG 6LJQLILFDQW GLIIHUHQFHV EHWZHHQ GDWD ZHUH WHVWHG IRU XVLQJ WZRVDPSOH t ? ? ?
WHVWVRURQHZD\UHSHDWHGPHDVXUHVDQDO\VLVRIYDULDQFH $129$ZLWK7XNH\¶VSRVWKRF ? ? ?
WHVWVDVDSSURSULDWH6LJQLILFDQFHOHYHOZDVVHWDWP  ? ? ?
 ? ?

5(68/76 ? ? ?
  ? ? ?
Simulation outputs:6LPXODWLRQLQSXW:5DQGRXWSXW9O?23FKDUDFWHULVWLFVDUHVXPPDUL]HGLQ ? ? ?
7DEOH7LPHRI WKH%? WUDQVLWLRQZDV VLJQLILFDQWO\GLIIHUHQW EHWZHHQ83:5DQG:5 ? ? ?
:5 VLPXODWLRQV    V YV    V UHVSHFWLYHO\ P   tWHVW DV ZDV %? ? ? ?
DPSOLWXGHUHSRUWHGDVSHUFHQWDJHRIWKHVWHDG\VWDWHUHVSRQVHYV ? ? ?
UHVSHFWLYHO\PtWHVWDQG%?Ĳ9O?23VYVVUHVSHFWLYHO\P ? ? ?
tWHVW7KHVHGLIIHUHQW9O?23FKDUDFWHULVWLFVIURP83:5DQG:5:5SURWRFROVFDQEH ? ? ?
H[SODLQHG E\ WKH LQFUHDVHG EDVHOLQH FDUGLDF RXWSXW DVVRFLDWHG ZLWK VWDUWLQJ DQ H[HUFLVH ? ? ?
WUDQVLWLRQIURPDUDLVHG:5PXVFOHWROXQJ WUDQVLW WLPH LVVKRUWHQHG UHGXFLQJ%?GXUDWLRQ ? ? ?
DQGWKHDOWHUHGEORRGIORZGXULQJWKHH[HUFLVHWUDQVLHQWPRGLILHVWKHDVVRFLDWLRQEHWZHHQ ? ? ?
PXVFOHDQGSXOPRQDU\9O?2NLQHWLFV7KH0RQWH&DUORVLPXODWLRQRXWSXWGDWDFOHDQ ? ? ?
83:5 WUDFHV DQG  FOHDQ :5:5 WUDFHV DORQJ ZLWK WKH FRUUHVSRQGLQJ  [  QRLV\ ? ? ?
WUDFHV DQGGHWDLOVRI WKH LQSXW DQGRXWSXW FKDUDFWHULVWLFV IRU HDFK VLPXODWLRQ DUH DYDLODEOH ? ? ?
IURPWKHFRUUHVSRQGLQJDXWKRUXSRQUHTXHVW ? ? ?
 ? ? ?
7KHUHVXOWVEHORZSUHVHQWLQGHWDLOWKHILQGLQJVIRU83:5VLPXODWLRQV7KHNH\GLIIHUHQFHV ? ? ?
EHWZHHQ 83:5 DQG :5:5 VLPXODWLRQV DUH WKHQ SUHVHQWHG )RU WKH VDNH RI EUHYLW\ ZH ? ? ?
SUHVHQWRQO\GDWDSHUWLQHQWWRRXUVLJQLILFDQWILQGLQJV ? ? ?
 ? ? ?
Number of averaged exercise bouts: )LJXUHVKRZVWKHHIIHFWVRIDYHUDJLQJH[HUFLVHERXWV ? ? ?
RQ WKH SUHFLVLRQ DQG DFFXUDF\ RI %? Ĳ9O?23 HVWLPDWLRQ JHQHUDOO\ WKH SDUDPHWHU RI PRVW ? ? ?
LQWHUHVW GXULQJ 83:5 VLPXODWLRQV )RU WKLV H[DPSOH GDWD IURP GLIIHUHQW ERXWV ZHUH ? ? ?
LQWHUSRODWHGWRVLQWHUYDOVWKHQHQVHPEOHDYHUDJHGVHH³$YHUDJLQJPHWKRGV´EHORZDQG ? ? ?
ILWWLQJ ZDV PDGH EHJLQQLQJ DW WKH NQRZQ ILUVW EUHDWK LQ %? LH FRQWURO ILWV 4XDOLWDWLYHO\ ? ? ?
 ? ?

VLPLODUUHVXOWVZHUHIRXQGIRUWKHRWKHUDYHUDJLQJDQGILWWLQJPHWKRGV7KHPHDQDQG6'RI ? ? ?
WKHHVWLPDWHG%?Ĳ9O?23DUHVKRZQLQ)LJADQGH[DPSOHGLVWULEXWLRQVRIWKHHVWLPDWHG%? ? ? ?
Ĳ9O?23IRUDQGH[HUFLVHERXWVDUHVKRZQLQ)LJB7KH%?Ĳ9O?23HVWLPDWHVREWDLQHG ? ? ?
E\ DYHUDJLQJ   RU  ERXWV ZHUH VLJQLILFDQWO\ JUHDWHU WKDQ XVLQJ  ERXWV P   ? ? ?
$129$ WKHUH ZDV QR GLIIHUHQFH ZKHQ DYHUDJLQJ  ERXWV )LJ A 7KLV LQGLFDWHV WKDW ? ? ?
SUHFLVLRQDQGDFFXUDF\RI%?Ĳ9O?23HVWLPDWLRQLVQRWVWDWLVWLFDOO\LPSURYHGE\DYHUDJLQJGDWD ? ? ?
IURPPRUHWKDQIRXUERXWVRIH[HUFLVH ? ? ?
 ? ? ?
)LJV A DQG B GHPRQVWUDWH WKDW Ĳ9O?23 WHQGV WR EH RYHUHVWLPDWHG RQ DYHUDJH E\ a V ? ? ?
LUUHVSHFWLYH RI WKH QXPEHU RI ERXWV DYHUDJHG PHDQ GLIIHUHQFH EHWZHHQ HVWLPDWHG DQG WUXH ? ? ?
Ĳ9O?23ZDVVZLWKERXWVZLWKERXWVDQGVZLWK ? ? ?
ERXWV)LJXUHCVKRZVWKHSHUFHQWDJHRIHVWLPDWHG%?Ĳ9O?23YDOXHVWKDWOD\ZLWKLQVRI ? ? ?
WUXH8VLQJGDWDIURPDVLQJOHH[HUFLVHERXW WKHHVWLPDWHG%?Ĳ9O?23ZDVZLWKLQVRI WKH ? ? ?
WUXHYDOXHLQRQO\RIFDVHV:KHQERXWVZHUHDYHUDJHGWKHSHUFHQWDJHRIHVWLPDWHG ? ? ?
YDOXHVZLWKLQ VRI WKH WUXHYDOXH LQFUHDVHG WRHYHQZKHQ WKH ILUVWEUHDWK LQ%? LV ? ? ?
NQRZQSUHFLVHO\VHHDOVR³'DWDILWWLQJDQGNLQHWLFFKDUDFWHUL]DWLRQ´EHORZ7KHDV\PSWRWH ? ? ?
RIWKLVUHODWLRQVKLSLV)LJCLQGLFDWLQJWKDWWKHPD[LPXPSUREDELOLW\RIUHWXUQLQJD ? ? ?
%?Ĳ9O?23HVWLPDWHZLWKLQVRIWUXHLVHYHQZKHQWKHILUVWEUHDWKLQ%?LVNQRZQDQGQR ? ? ?
PDWWHUKRZPDQ\ERXWVDUHDYHUDJHG ? ? ?
 ? ? ?
Averaging methods: )LJXUH A VKRZV WKH HIIHFWV RQ %? Ĳ9O?23 HVWLPDWLRQ RI WKH GLIIHUHQW ? ? ?
DYHUDJLQJ PHWKRGV GXULQJ 83:5 VLPXODWLRQV )RU WKH H[DPSOH VKRZQ GDWD IURP IRXU ? ? ?
H[HUFLVHERXWVZHUHDYHUDJHGDQGILWWLQJZDVIURPWKHNQRZQILUVWEUHDWKLQ%?LHFRQWURO ? ? ?
ILWV4XDOLWDWLYHO\VLPLODUUHVXOWVZHUHIRXQGIRURWKHUQXPEHUVRIDYHUDJHGERXWVDQGIRUWKH ? ? ?
RWKHU ILWWLQJ PHWKRGV (DFK DYHUDJLQJ PHWKRG UHWXUQHG VLJQLILFDQWO\ GLIIHUHQW %? Ĳ9O?23 ? ? ?
 ? ?

HVWLPDWHV P   $129$ DOWKRXJK WKH PHDQ %? Ĳ9O?23 YDOXHV REWDLQHG XVLQJ WKH ? ? ?
LQWHUSRODWHGELQQHGDQGVWDFNHGDYHUDJLQJPHWKRGVZHUHTXDQWLWDWLYHO\YHU\VLPLODUEHLQJ ? ? ?
ZLWKLQVRIHDFKRWKHULHZLWKLQWKHDFFHSWDEOHPDUJLQRIHUURUVHWIRURXU0RQWH&DUOR ? ? ?
VLPXODWLRQV 0HDQ %? Ĳ9O?23 HVWLPDWLRQ ZLWK WKH LQWHUSRODWLRQ PHWKRG ZDV    V ? ? ?
IURP WUXH  RI YDOXHV ZLWKLQ   V RI WUXH FRPSDUHG WR    V  IRU ? ? ?
ELQQHG    V  IRU VWDFNHG DQG    V  IRU VHSDUDWH 7KH ? ? ?
GLVWULEXWLRQRIWKHFRQILGHQFHLQWHUYDOVRIWKHHVWLPDWHG%?Ĳ9O?23DUHVKRZQLQ)LJB(DFK ? ? ?
DYHUDJLQJPHWKRGUHWXUQHGDVLJQLILFDQWO\GLIIHUHQWFRQILGHQFHLQWHUYDOGLVWULEXWLRQP ? ? ?
$129$DOWKRXJKWKHFRQILGHQFHLQWHUYDOGLVWULEXWLRQVIRUWKHELQQHGDQGVWDFNHGDYHUDJLQJ ? ? ?
PHWKRGV ZHUH TXDQWLWDWLYHO\ VLPLODU WKH GLIIHUHQFH EHWZHHQ WKH PHDQV RI WKHVH WZR ? ? ?
GLVWULEXWLRQVZDVV ? ? ?
 ? ? ?
Data fitting and kinetic characterization:)LJXUHV WRFRPSDUH WKHGLIIHUHQWPHWKRGV IRU ? ? ?
HVWLPDWLQJWKH%?WUDQVLWLRQ)LJDQGWKHVXEVHTXHQWHVWLPDWLRQRI%?DPSOLWXGH)LJ ? ? ?
DQG%?Ĳ9O?23)LJGXULQJ83:5VLPXODWLRQV,Q)LJVDQGWKHGLVWULEXWLRQVRI%? ? ? ?
DPSOLWXGHDQG%?Ĳ9O?23HVWLPDWHVREWDLQHGIURPFRQWUROILWVLHILWVIURPWKHNQRZQILUVW%? ? ? ?
EUHDWKDUHVKRZQDVGDVKHGFXUYHV7KHH[DPSOHVVKRZQXVHGDWDIURPIRXUERXWVDYHUDJHG ? ? ?
XVLQJ WKH LQWHUSRODWLRQ PHWKRG DOWKRXJK TXDOLWDWLYHO\ VLPLODU UHVXOWV ZHUH IRXQG IRU RWKHU ? ? ?
QXPEHUVRIDYHUDJHGERXWVDQGIRUWKHRWKHUDYHUDJLQJPHWKRGV2QO\UHPRYDORIWKHILUVW ? ? ?
VRIGDWD3DQHOBLQ)LJVUHVXOWHGLQWKHDFFXUDWHLGHQWLILFDWLRQRIWKHILUVWEUHDWKLQ%? ? ? ?
DQG%?DPSOLWXGHDQG%?Ĳ9O?23YDOXHVWKDWZHUHQRWVLJQLILFDQWO\GLIIHUHQWIURPWKHFRQWURO ? ? ?
ILWVDOORWKHUPHWKRGVZHUHVLJQLILFDQWO\GLIIHUHQWIURPWUXHP$129$8VLQJWKLV ? ? ?
HPSLULFDOVUHPRYDOPHWKRGWKHLGHQWLILHG%?WUDQVLWLRQZDVZLWKLQEUHDWKVRIWUXHLQ ? ? ?
RIFDVHVHVWLPDWHG%?DPSOLWXGHZDVZLWKLQRIWUXHLQRIFDVHVYV ? ? ?
ZLWK FRQWURO ILWV DQG HVWLPDWHG %? Ĳ9O?23 ZDV ZLWKLQ  V RI WUXH LQ  RI FDVHV YV ? ? ?
 ? ?

ZLWKFRQWURO ILWV$OWKRXJK WKHELH[SRQHQWLDO ILWWLQJ PHWKRG 3DQHOA LQ)LJV ? ? ?
UHWXUQHG WKH VHFRQG EHVW HVWLPDWHV RI WKH %? WUDQVLWLRQ  RI HVWLPDWHV ZLWKLQ  ? ? ?
EUHDWKVRIWUXHWKHRYHUSDUDPHWHUL]DWLRQRIWKHPRGHOUHVXOWHGLQOHVVDFFXUDWHDQGSUHFLVH ? ? ?
%?Ĳ9O?23HVWLPDWHVRQO\RIHVWLPDWHVZLWKLQVRIWUXHWKDQERWKWKHHPSLULFDOV ? ? ?
DQG  V UHPRYDO PHWKRGV  DQG  UHVSHFWLYHO\ 3DQHO B LQ )LJV  ? ? ?
,QWHUHVWLQJO\ UHPRYDO RI  V RI GDWD LH LQFOXGLQJ VRPH %?GDWD LQ WKH ILW JDYH PRUH ? ? ?
DFFXUDWHDQGSUHFLVH%?DPSOLWXGHDQG%?Ĳ9O?23HVWLPDWHVWKDQUHPRYDORIVRIGDWDLH ? ? ?
H[FOXGLQJ WKH LQLWLDO SRUWLRQ RI %? GDWD %DVLQJ %? LGHQWLILFDWLRQ RQ WLPHGHULYDWLYH RU ? ? ?
VWDWLVWLFDO PHWKRGV UHVXOWHG LQ VNHZHG GLVWULEXWLRQV )LJ CD DQG % ? WUDQVLWLRQ % ? ? ? ?
DPSOLWXGHDQG%?Ĳ9O?23YDOXHVWKDWZHUHIXUWKHVWIURPWUXH)LJVCD	CD ? ? ?
 ? ? ?
Optimal protocol: +DYLQJ LGHQWLILHG WKDW UHPRYDO RI WKH ILUVW  V RI GDWD IROORZHG E\ D ? ? ?
PRQRH[SRQHQWLDO ILW WR WKH LVRODWHG %? GDWD ZDV WKH RSWLPDO ILWWLQJ PHWKRG IRU 83:5 ? ? ?
WUDQVLWLRQVZHUHSHDWHGWKHSUHYLRXVDQDO\VHVWKDWZHUHSHUIRUPHGRQWKHFRQWUROLHNQRZQ ? ? ?
%?GDWDDVVKRZQLQ)LJVDQGXVLQJWKLVHPSLULFDOVUHPRYDOILWWLQJPHWKRG)LJ ? ? ?
4XDOLWDWLYHO\ WKH UHVXOWV ZHUH LGHQWLFDO LQ WKDW IRXU DYHUDJHG ERXWV SURYLGHG QR PRUH ? ? ?
DFFXUDF\DQGSUHFLVLRQWKDQDYHUDJHGERXWVDQGWKHLQWHUSRODWHGDYHUDJLQJPHWKRGJDYH ? ? ?
WKH PRVW DFFXUDWH DQG SUHFLVH %? WUDQVLWLRQ %? DPSOLWXGH DQG % ? Ĳ9O?23 HVWLPDWHV WKDW ? ? ?
ZHUHQRW VLJQLILFDQWO\GLIIHUHQW WR WKH FRQWURO ILWV4XDQWLWDWLYHO\ WKH PHDQ HVWLPDWHRI WKH ? ? ?
%?WUDQVLWLRQZDVEUHDWKVIURPWUXHZLWKRIYDOXHVZLWKLQEUHDWKVRI ? ? ?
WUXHWKHPHDQ%?DPSOLWXGHHVWLPDWHZDVIURPWUXHYVIURP ? ? ?
WUXHZLWKFRQWUROGDWDZLWKRIYDOXHVZLWKLQRIWUXHYVZLWKFRQWUROILWV ? ? ?
DQGWKHPHDQ%?Ĳ9O?23HVWLPDWHZDVVIURPWUXHYVVIURPWUXHZLWK ? ? ?
FRQWUROGDWDZLWKRIHVWLPDWHVZLWKLQVRIWUXHYVZLWKFRQWUROILWV$JDLQ ? ? ?
WKH ELQQHG DQG VWDFNHG DYHUDJLQJ PHWKRGV JDYH YHU\ VLPLODU EXW VOLJKWO\ OHVV SUHFLVH DQG ? ? ?
 ? ?

DFFXUDWH %? Ĳ9O?23 HVWLPDWHV WR WKH LQWHUSRODWHG PHWKRG    V DQG    V ? ? ?
IURPWUXHUHVSHFWLYHO\8VLQJWKHRSWLPDOPHWKRGVWKHDV\PSWRWHRIWKHH[SRQHQWLDOILWWRWKH ? ? ?
SURSRUWLRQRI%?Ĳ9O?23HVWLPDWHVZLWKLQVDFURVVDOOQXPEHUVRIDYHUDJHGERXWV)LJC ? ? ?
ZDV ? ? ?
 ? ? ?
WR-WR simulations: 7KH DQDO\VHV SHUIRUPHG IRU WKH 83:5 VLPXODWLRQV )LJV  ZHUH ? ? ?
UHSHDWHGIRUWKH:5:5VLPXODWLRQVZKHUH³H[HUFLVH´ZDVLQLWLDWHGIURPDUDLVHGEDVHOLQH ? ? ?
:5 EHWZHHQ  DQG  : 7KHVH DQDO\VHV DUH VXPPDUL]HG LQ )LJ  $V ZLWK 83:5 ? ? ?
VLPXODWLRQVDYHUDJLQJRIIRXUERXWV)LJACXVLQJLQWHUSRODWHGELQQHGRUVWDFNHGGDWD ? ? ?
RSWLPL]HG%?Ĳ9O?23HVWLPDWLRQZKLOHPLQLPL]LQJWKHQXPEHURIUHTXLUHGERXWV)LJDE ? ? ?
+RZHYHUIRU:5:5GDWDUHPRYDORIWKHILUVWVRUVRIGDWDJDYHVWDWLVWLFDOO\VLPLODU ? ? ?
UHVXOWV WR FRQWURO ILWV ZKHUH WKH ILUVW EUHDWK LQ %? LV NQRZQ DOWKRXJK TXDQWLWDWLYHO\ WKH ? ? ?
UHPRYDO RI  V RI GDWD JDYH PRUH SUHFLVH DQG DFFXUDWH HVWLPDWHV RI 9O?23 NLQHWLFV WKDQ ? ? ?
UHPRYLQJVRIGDWDZLWKVUHPRYDOYVZLWKVUHPRYDORIWKH%? ? ? ?
WUDQVLWLRQHVWLPDWHVZLWKLQEUHDWKVRIWUXHYVRI%?DPSOLWXGHYDOXHVZLWKLQ ? ? ?
RIWUXHDQGYVRI%?Ĳ9O?23YDOXHVZLWKLQVRIWUXH)LJF3KDVH ? ? ?
Ĳ9O?23 HVWLPDWLRQ ZDV PRUH DFFXUDWH IRU :5:5 GDWD WKDQ IRU 83:5 GDWD XVLQJ IRXU ? ? ?
LQWHUSRODWHG DQG HQVHPEOH DYHUDJHG ERXWV ZLWK %? LVRODWHG E\ UHPRYDO RI WKH ILUVW  V RI ? ? ?
GDWDWKHPHDQGLIIHUHQFHEHWZHHQHVWLPDWHGDQGNQRZQĲ9O?23ZDVVYV ? ? ?
VZLWKWKHRSWLPDO83:5DQDO\VLVPtWHVWDQGWKHSHUFHQWDJHRIYDOXHVO\LQJ ? ? ?
ZLWKLQVRIWKHWUXHYDOXHZDVYVZLWK83:5GDWD7KHDV\PSWRWHRIWKH ? ? ?
H[SRQHQWLDO ILW WR WKHVH GDWD )LJ C VXJJHVWHG WKDW D PD[LPXP RI  RI %? Ĳ9O?23 ? ? ?
YDOXHVZRXOGOLHZLWKLQVRIWKHWUXHYDOXHYVIRU83:5GDWD ? ? ?
 ? ? ?
 ? ?

Minimally important difference7KHRSWLPDOFROOHFWLRQKDQGOLQJDQG ILWWLQJSURFHGXUHV IRU ? ? ?
83:5DQG:5:5VLPXODWLRQVZHUHXVHGWRGHWHUPLQHWKHPLQLPDOO\LPSRUWDQWGLIIHUHQFH ? ? ?
IRUVLJQLILFDQWFKDQJHVLQĲ9O?23GXULQJPRGHUDWHLQWHQVLW\H[HUFLVH7DEOHVKRZVWKDWWKH ? ? ?
FRQILGHQFH OLPLWVRIĲ9O?23HVWLPDWLRQQDUURZVIURPV WRVIRU83:5DQG ? ? ?
IURPVWRVIRU:5:5DVWKHQXPEHURIERXWVDYHUDJHGLVLQFUHDVHGIURPWR ? ? ?
7KHVH GDWD SURSRVH D PLQLPDO LPSRUWDQW GLIIHUHQFH RI a V WR GHWHFW GLIIHUHQFHV LQ Ĳ9O?23 ? ? ?
DPRQJJURXSVRUZLWKLQLQGLYLGXDOVIRUFRPSDUDWLYHRULQWHUYHQWLRQDOVWXGLHV ? ? ?
 ? ? ?
Robustness of Monte Carlo simulations: 7R FRQILUP WKH UREXVWQHVV RI WKH 0RQWH &DUOR ? ? ?
VLPXODWLRQVWKHHQWLUHGDWDSURGXFWLRQSURFHGXUHZDVUHSHDWHGLHDVHFRQGVHWRI83 ? ? ?
:5DQG:5:5FOHDQVLPXODWLRQVZDVSURGXFHGDQGQRLVHZDVDGGHGWRHDFKWUDFH ? ? ?
WLPHVWRJLYH[QRLV\WUDFHVDQGWKHVHGDWDZHUHDQDO\]HGDVGHVFULEHGDERYH7KHUH ? ? ?
ZHUHQRGLIIHUHQFHVLQWKHNH\ILQGLQJVZLWKWKLVVHFRQGVHWRIVLPXODWLRQVGDWDQRWVKRZQ ? ? ?
$VZLWKWKHRULJLQDO0RQWH&DUORGDWD WKHRXWSXWGDWDIURPWKLVVHFRQGVHWRI0RQWH&DUOR ? ? ?
VLPXODWLRQV[FOHDQDQG[QRLV\WUDFHVDORQJZLWKVLPXODWLRQLQSXWDQGRXWSXW ? ? ?
FKDUDFWHULVWLFVDUHDYDLODEOHIURPWKHFRUUHVSRQGLQJDXWKRUXSRQUHTXHVW  ? ? ?
 ? ?

',6&866,21 ? ? ?
 ? ? ?
:HXVHGDYDOLGDWHGFRPSXWDWLRQDOPRGHOWRJHWKHUZLWKD0RQWH&DUORDSSURDFKWRSURGXFH ? ? ?
[  VLPXODWHG 9O?23 GDWDVHWV ZLWK VLPLODU VDPSOLQJ QRLVH DQG NLQHWLF FKDUDFWHULVWLFV DV ? ? ?
H[SHULPHQWDOO\REWDLQHG9O?23GDWD$VWKHWUXHXQGHUO\LQJ9O?23NLQHWLFSDUDPHWHUVRIWKHVH ? ? ?
GDWDVHWVZHUHNQRZQ IURP WKHFOHDQ VLPXODWLRQ WUDFHV IURPZKLFK WKH\ZHUHSURGXFHGZH ? ? ?
FRXOGDVVHVVERWKWKHDFFXUDF\DQGWKHSUHFLVLRQRIYDULRXVDYHUDJLQJDQGILWWLQJSURFHGXUHV ? ? ?
RQWKHHVWLPDWLRQRIĲ9O?23VRPHWKLQJWKDWLVQRWIHDVLEOHXVLQJH[SHULPHQWDOO\REWDLQHGGDWD ? ? ?
ZKHUH WKH WUXHXQGHUO\LQJ Ĳ9O?23 LVQRWNQRZQ:HVKRZHG WKDW WKHRSWLPDOGDWDKDQGOLQJ ? ? ?
VWHSVWRJLYHWKHPRVWDFFXUDWHDQGSUHFLVHHVWLPDWLRQRIĲ9O?23ZHUHOLQHDULQWHUSRODWLRQZLWK ? ? ?
HQVHPEOHDYHUDJLQJGDWDIURPIRXUERXWVRIH[HUFLVHIROORZHGE\UHPRYDORIWKHILUVWVLI ? ? ?
H[HUFLVHZDV IURPXQORDGHGSHGDOLQJRU  V LI H[HUFLVHZDV IURP D UDLVHGZRUN UDWH RI ? ? ?
GDWD EHIRUH PRQRH[SRQHQWLDO ILWWLQJ RI WKH LVRODWHG %? GDWD 9DULDWLRQV RQ WKH DYHUDJLQJ ? ? ?
PHWKRGOHGWRVXEVWDQWLDOO\VLPLODUUHVXOWVZLWKWKHH[FHSWLRQWKDWWKHFRQILGHQFHLQWHUYDOIRU ? ? ?
NLQHWLFHVWLPDWLRQZDVVLJQLILFDQWO\ZLGHUIRUWKHWHFKQLTXHRILQGHSHQGHQWO\ILWWLQJUHSHDWVRI ? ? ?
WKH VDPH H[HUFLVH WUDQVLWLRQ WKH separate PHWKRG 7KLV VXJJHVWV WKDW GLIIHUHQW GDWD ? ? ?
SURFHVVLQJWHFKQLTXHVFXUUHQWO\XVHGDPRQJGLIIHUHQWODERUDWRULHVLVXQOLNHO\WRVXEVWDQWLDOO\ ? ? ?
LQIOXHQFHWKHGHULYHGSDUDPHWHUV+RZHYHULWLVRIQRWHWKDWHYHQWKHRSWLPDOSURFHGXUHVWKDW ? ? ?
ZHLGHQWLILHG\LHOGHGĲ9O?23HVWLPDWHVWKDWZHUHZLWKLQVRIWUXHLQMXVWRIVLPXODWLRQV ? ? ?
IURPXQORDGHGSHGDOLQJULVLQJWRRQO\IRUSURWRFROVZKHUHH[HUFLVHVWDUWHGIURPDUDLVHG ? ? ?
ZRUNUDWH ? ? ?
  ? ? ?
Data collection:7KHVLPXODWHGGDWDRIH[HUFLVHWUDQVLWLRQVHLWKHUIURPXQORDGHGSHGDOLQJRU ? ? ?
IURPDUDLVHGZRUNUDWHVSDQQHGDZLGHUDQJHRIYDULDEOHDQGSDUDPHWHUHVWLPDWHVH[SHFWHG ? ? ?
IRUVXE/7H[HUFLVH7DEOH6LPXODWHG%?GXUDWLRQUDQJHGIURPVWRVDQGZDVWR ? ? ?
 ? ?

 RI WKH VWHDG\VWDWH UHVSRQVH LQ DPSOLWXGH DQG VLPXODWHG %? Ĳ9O?23 VSDQQHG ? ? ?
DSSUR[LPDWHO\  V WR  V DFURVV WUDQVLWLRQV UDQJLQJ IURP  : WR  : LQ DPSOLWXGH ? ? ?
PDNLQJRXUILQGLQJVZLGHO\JHQHUDOL]DEOHWRWKHVWXG\RIPRGHUDWHLQWHQVLW\9O?23NLQHWLFVLQ ? ? ?
KHDOWK\DGXOWV:HVKRZHGWKDWDYHUDJLQJGDWDIURPIRXUH[HUFLVHERXWVRSWLPL]HGDFFXUDF\ ? ? ?
DQGSUHFLVLRQRIĲ9O?23HVWLPDWLRQZKLOHPLQLPL]LQJH[SHULPHQWDOEXUGHQUHJDUGOHVVRIWKH ? ? ?
DYHUDJLQJ RU ILWWLQJ PHWKRGV VXEVHTXHQWO\ XVHG $YHUDJLQJ PRUH ERXWV GLG QRW JLYH D ? ? ?
VLJQLILFDQWO\ PRUH SUHFLVH RU DFFXUDWH HVWLPDWLRQ RI Ĳ9O?23 6RPH LQYHVWLJDWRUV PD\ EH ? ? ?
ZLOOLQJ WR DFFHSW ORZHU DFFXUDF\ DQG SUHFLVLRQ LQ Ĳ9O?23 HVWLPDWLRQ LQ RUGHU WR UHGXFH WKH ? ? ?
WHVWLQJEXUGHQRIIRXUH[HUFLVHERXWV)RUH[DPSOHLQWHUSRODWLQJDQGDYHUDJLQJWKUHHERXWVRI ? ? ?
83:5H[HUFLVHDQGUHPRYLQJVRIGDWDWRLVRODWH%?UHVXOWHGLQĲ9O?23HVWLPDWLRQVWKDW ? ? ?
ZHUHVIURPWUXHZLWKRIWKHVHHVWLPDWLRQVZLWKLQVRIWUXHDUHODWLYHO\ ? ? ?
VPDOOUHGXFWLRQLQDFFXUDF\DQGSUHFLVLRQFRPSDUHGWRWKHVDPHGDWDKDQGOLQJPHWKRGZLWK ? ? ?
IRXU H[HUFLVH ERXWV    V DQG  7KHVH GLIIHUHQFHV DUH DVVRFLDWHG ZLWK DQ ? ? ?
LQFUHDVH LQ WKH PLQLPDO GHWHFWDEOH GLIIHUHQFH IRU Ĳ9O?23 HJ IRU XVH LQ FRPSDUDWLYH DQG ? ? ?
LQWHUYHQWLRQDOVWXGLHVIURPaV WRaV7KHGDWDVKRZQLQ7DEOHFDQEHXVHGWRLQIRUP ? ? ?
VXFKGHFLVLRQV ? ? ?
 ? ? ?
2XU ERXW GDWD FROOHFWLRQ UHFRPPHQGDWLRQ LV RQO\ DSSOLFDEOH WR GDWD WKDW KDYH VLPLODU ? ? ?
EUHDWKE\EUHDWKIOXFWXDWLRQFKDUDFWHULVWLFVDVWKHGDWDSURGXFHGLQRXUVLPXODWLRQVWXGLHV ? ? ?
  POPLQ 1HYHUWKHOHVV RXU VLPXODWHG WUDQVLWLRQV PLPLFNHG YHU\ ZHOO W\SLFDO ? ? ?
REVHUYDWLRQV XVLQJ PDQ\ VWDQGDUG JDV H[FKDQJH PHDVXUHPHQW DSSURDFKHV 2XU ILQGLQJV ? ? ?
LQGLFDWHWKDWLQRUGHUWRSURYLGHPRUHSUHFLVHHVWLPDWLRQVRIĲ9O?23IURPH[SHULPHQWDOGDWD ? ? ?
VWUDWHJLHV VKRXOG IRFXV QRW RQ DYHUDJLQJ DGGLWLRQDO H[HUFLVH ERXWV EXW RQ LQFUHDVLQJ WKH ? ? ?
VLJQDOWRQRLVHUDWLR LQ WKHFROOHFWHGGDWD7KHVHILQGLQJVHFKRWKRVHRI/DPDUUDHWDO  ? ? ?
ZKRDOVRXVHGD0RQWH&DUORDSSURDFKWRVKRZWKDW LQFUHDVLQJ9O?23QRLVHH[SUHVVHGDVD ? ? ?
 ? ?

SHUFHQWDJH RI WKH VWHDG\VWDWH FKDQJH LQ WKH 9O?23 UHVSRQVH LQFUHDVHG WKH FRQILGHQFH ? ? ?
LQWHUYDOV IRU WKH HVWLPDWHG ILW SDUDPHWHUV %? GXUDWLRQ DQG %?Ĳ9O?23 :H VKRZHG WKDW ? ? ?
DSSURDFKHV WKDW LQFUHDVH WKHVLJQDOWRQRLVH UDWLRKDYHDVXEVWDQWLDOHIIHFWRQSUHFLVLRQEXW ? ? ?
OLWWOHHIIHFWRQDFFXUDF\RINLQHWLF HVWLPDWHV7KHVH IOXFWXDWLRQVDUHH[SHFWHG WR DULVH IURP ? ? ?
WKH LQWHUDFWLRQ RI D QXPEHU RI YDULDEOHV QRW OHDVW WKH EUHDWKE\EUHDWK YDULDWLRQV LQ WLGDO ? ? ?
YROXPHDQGSXOPRQDU\EORRGIORZZLWKLQZKLFKIOXFWXDWLRQDQGWLPLQJRIVWURNHYROXPHDQG ? ? ?
WKRUDFLF SUHVVXUH FKDQJHV PD\ YDULDEO\ VXP RU FRXQWHUDFW RQH DQRWKHU WR JLYH ULVH WR ? ? ?
IOXFWXDWLRQV LQ JDV H[FKDQJH 7KHUHIRUH DOJRULWKPV IRU EUHDWKE\EUHDWK JDV H[FKDQJH ? ? ?
PHDVXUHPHQWWKDWUHGXFHWKHLQKHUHQWIOXFWXDWLRQRIWKHGDWDHJE\DFFRXQWLQJIRUFKDQJHV ? ? ?
LQDOYHRODUJDVVWRUDJHRUE\UHFKDUDFWHUL]LQJDEUHDWKWREHHTXDOWRDWLGDOEUHDWKLQJF\FOH ? ? ?
WKDWUHWXUQVWRDQLGHQWLFDOHQGH[SLUDWRU\OXQJYROXPHZRXOGEHH[SHFWHGWRIXUWKHU ? ? ?
UHGXFH WKH WHVWLQJ EXUGHQ ZKLOH PDLQWDLQLQJ RSWLPDO SUHFLVLRQ DQG DFFXUDF\ RI NLQHWLF ? ? ?
HVWLPDWHV ? ? ?
 ? ? ?
Data processing: $OWKRXJK WKHUH DUH PDQ\ SRVVLEOH PHWKRGV IRU GDWD DYHUDJLQJ WKH IRXU ? ? ?
WHFKQLTXHV H[DPLQHG LQ WKLV VWXG\ LQWHUSRODWLRQ ELQQLQJ VWDFNLQJ DQG VHSDUDWH ILWWLQJ ? ? ?
SURYLGH D FURVVVHFWLRQ RI WKH PRVW FRPPRQO\XVHG PHWKRGV$OWKRXJKZHKDYH LGHQWLILHG ? ? ?
OLQHDULQWHUSRODWLRQIROORZHGE\HQVHPEOHDYHUDJLQJDVWKHRSWLPDOPHWKRGIRUDYHUDJLQJGDWD ? ? ?
>VLPLODU WR WKH ILQGLQJV RI .HLU HW DO @ ERWK WKH EUHDWK ELQQLQJ DQG VWDFNLQJ PHWKRGV ? ? ?
SURGXFHG TXDQWLWDWLYHO\ VLPLODU HVWLPDWHV RI Ĳ9O?23 $V VXFK UHVHDUFKHUV ZKR KDYH ? ? ?
SUHYLRXVO\XVHGRUFXUUHQWO\XVHDQ\RIWKHVHPHWKRGVVKRXOGEHFRQILGHQWWKDWWKHLUFKRLFH ? ? ?
RIDYHUDJLQJSURFHGXUHGRHVQRWXQGXO\LQIOXHQFHWKHLUHVWLPDWHVRIĲ9O?23:KLOHDYHUDJLQJ ? ? ?
RI WKH H[SRQHQWLDO ILW SDUDPHWHUV IURP VHSDUDWH ERXWV RI H[HUFLVH RIIHUV WKH VLPSOLFLW\ RI ? ? ?
DYRLGLQJ SRWHQWLDOO\ FRPSOLFDWHG DQG DVVXPSWLRQODGHQ DYHUDJLQJ SURFHGXUHV RQ ODUJH ? ? ?
GDWDVHWV Ĳ9O?23 HVWLPDWLRQ XVLQJ WKLV DYHUDJLQJ PHWKRG UHGXFHG DFFXUDF\ DQG PDUNHGO\ ? ? ?
 ? ?

OHVVHQHGWKHFRQILGHQFHLQWKHGHULYHGSDUDPHWHUHVWLPDWHVDQGVKRXOGWKHUHIRUHEHDYRLGHG ? ? ?
7KLV OLNHO\ DURVH EHFDXVH WKH LQIOXHQFH RQ Ĳ9O?23 RI EUHDWKE\EUHDWK IOXFWXDWLRQV LV QRQ ? ? ?
OLQHDUODUJHµQRLVH¶LQWKHHDUO\WUDQVLHQWKDVPRUHLQIOXHQFHRQĲ9O?23WKDQWKHVDPHµQRLVH¶ ? ? ?
LQ WKH ODWHU WUDQVLHQW  7KHUHIRUH GDWD KDQGOLQJ DSSURDFKHV WKDW ILUVW UHGXFH EUHDWKE\ ? ? ?
EUHDWKIOXFWXDWLRQVDQGWKHQFKDUDFWHUL]HWKHILWUDWKHUWKDQWKHRWKHUZD\DURXQGDSSHDUWR ? ? ?
UHVXOWLQPRUHUREXVWSDUDPHWHUL]DWLRQRIWKHNLQHWLFV ? ? ?
 ? ? ?
$QRWKHUFDXWLRQDU\QRWHLVHYLGHQWLQRXUGDWDIRUWKHLQWHUSRODWLRQPHWKRGRIDYHUDJLQJ7KLV ? ? ?
PHWKRGDSSHDUV WRUHWXUQDVXEVWDQWLDOO\QDUURZHGFRQILGHQFH LQWHUYDOIRUĲ9O?23HVWLPDWLRQ ? ? ?
)LJXUH B E DQG E +RZHYHU EHFDXVH WKH FRQILGHQFH LQWHUYDO LV GHSHQGHQW RQ WKH ? ? ?
QXPEHURIVDPSOHVLHEUHDWKVLQWHUSRODWLRQDUWLILFLDOO\LQFUHDVHVWKHVDPSOLQJIUHTXHQF\RI ? ? ?
WKHRULJLQDOGDWD7KHLQWHUSRODWLRQPHWKRGWKHUHIRUHUHWXUQVDQDUWLILFLDOFRQILGHQFHLQWHUYDO ? ? ?
WKDW LV PRUH GHSHQGHQW RQ WKH FKDUDFWHULVWLFV RI WKH LQWHUSRODWLRQ WKDQ RQ WKH RULJLQDO ? ? ?
PHDVXUHPHQWV7KHWUXHFRQILGHQFHLQWHUYDORISDUDPHWHUHVWLPDWLRQIRUWKHLQWHUSRODWLRQ ? ? ?
PHWKRG LV OLNHO\ EHWWHU UHIOHFWHG LQ WKH ELQQHG DQG VWDFNHG PHWKRGV )LJ B ZKLFK ZHUH ? ? ?
VXEVWDQWLDOO\VLPLODUDFURVVDOOVLPXODWLRQV ? ? ?
 ? ? ?
(DFKGDWDSURFHVVLQJPHWKRGLQYHVWLJDWHGUHVXOWHGLQDVLPLODUGHJUHHRIDFFXUDF\DURXQGWKH ? ? ?
WUXHYDOXHDQGWKHUHIRUHDSSURDFKHVWRGDWDSURFHVVLQJVKRXOGIRFXVRQDWWHPSWVWRRSWLPL]H ? ? ?
WKH FRQILGHQFH RI SDUDPHWHU HVWLPDWLRQ $V ZLWK GDWD FROOHFWLRQ YDOLG DQG DSSURSULDWH ? ? ?
SURFHVVLQJ PHWKRGV WKDW UHGXFH EUHDWKE\EUHDWK IOXFWXDWLRQV LQ WKH GDWD ZLOO UHVXOW LQ ? ? ?
LQFUHDVHGFRQILGHQFH ? ? ?
 ? ? ?
Data fitting::HIRXQGWKDWHPSLULFDOWLPHUHPRYDOPHWKRGVWRLVRODWHWKH%?GDWDIRUILWWLQJ ? ? ?
UHVXOWHG LQ VLJQLILFDQWO\ PRUH DFFXUDWH DQG SUHFLVH HVWLPDWLRQV RI Ĳ9O?23 WKDQ HLWKHU D EL ? ? ?
 ? ?

H[SRQHQWLDO ILW RU VWDWLVWLFDO DQG WLPHGHULYDWLYH PHWKRGV WR LGHQWLI\ WKH %? WUDQVLWLRQ ? ? ?
IROORZHG E\ D PRQRH[SRQHQWLDO ILW WR WKH LVRODWHG %? GDWD 7KH PDMRULW\ RI SXEOLVKHG ? ? ?
H[SHULPHQWDOVWXGLHVWKDWKDYHTXDQWLILHGWKHNLQHWLFVRI9O?23KDYHXVHGVXFKHPSLULFDOWLPH ? ? ?
UHPRYDO PHWKRGV XVXDOO\ UHPRYLQJ WKH ILUVW  V RI GDWD DQG VR UHVHDUFKHUV KDYH ? ? ?
KLVWRULFDOO\XVHGWKH%?LVRODWLRQPHWKRGWKDWZHKDYHQRZVKRZQSURYLGHVWKHPRVWDFFXUDWH ? ? ?
DQGSUHFLVHHVWLPDWLRQVRIĲ9O?23)XUWKHUPRUH WKLVHPSLULFDO WLPHUHPRYDODSSURDFKLVIDU ? ? ?
VLPSOHUWRLPSOHPHQWWKDQWKHELH[SRQHQWLDOVWDWLVWLFDORUWLPHGHULYDWLYHPHWKRGV3UHYLRXV ? ? ?
UHFRPPHQGDWLRQVKDYHEHHQWRUHPRYHat leastVRIGDWDIURPWKHEHJLQQLQJRIWKHGDWDVHW ? ? ?
LQRUGHUWRFRPSOHWHO\UHPRYH%?GDWDHYHQWKRXJKVRPHGDWDIURPWKHVWDUWRI%?PD\DOVR ? ? ?
EH UHPRYHG   +RZHYHU RXU UHVXOWV VXJJHVW WKDW VRPHZKDW FRXQWHULQWXLWLYHO\ LW LV ? ? ?
EHWWHU WR LQFOXGH D VPDOO DPRXQW RI GDWD IURP WKH HQG RI %? LQWKH ILWWLQJ SURFHGXUH WKDQ ? ? ?
H[FOXGHGDWDIURPWKHVWDUWRI%?7KLVLVVHHQLQ)LJVBDQGBZKHUH%?DPSOLWXGHDQG%? ? ? ?
Ĳ9O?23HVWLPDWLRQIRUH[HUFLVHIURPXQORDGHGSHGDOLQJZDVPRUHSUHFLVHDQGDFFXUDWHZKHQ ? ? ?
WKHLQLWLDOVRIGDWDZHUHUHPRYHGWKDQZKHQWKHLQLWLDOVRIGDWDZHUHUHPRYHGWKHWUXH ? ? ?
%? WUDQVLWLRQIRU WKHVHGDWDRFFXUUHGDWV:HVXJJHVW WKDW WKLV LVEHFDXVH WKH ? ? ?
LQKHUHQWIOXFWXDWLRQVLQWKH9O?23GDWDPHDQVWKDWLQFOXGLQJDVPDOODPRXQWRI%?GDWDLQWKH ? ? ?
ILW KDV PLQLPDO HIIHFW RQ WKH UHVXOWDQW %?DPSOLWXGH DQG%?Ĳ9O?23 HVWLPDWLRQ7KH UDSLGO\ ? ? ?
FKDQJLQJ LQLWLDO SRUWLRQ RI %? GDWD ZKLFK FKDQJHV UDSLGO\ ZLWK UHVSHFW WR WKH EUHDWKE\ ? ? ?
EUHDWK IOXFWXDWLRQV DW WKH HQG RI %? LV NH\ WR REWDLQLQJ DFFXUDWH DQG SUHFLVH HVWLPDWLRQV ? ? ?
4XDOLWDWLYHO\VLPLODUUHVXOWVZHUHIRXQGIRUH[HUFLVHWKDWVWDUWHGIURPDUDLVHGZRUNUDWHEXW ? ? ?
KHUHWKHEHVWĲ9O?23HVWLPDWLRQZDVZLWKWKHUHPRYDORIWKHILUVWVRIGDWD)LJF7KLVLV ? ? ?
OLNHO\GXHWRWKHLQFUHDVHGEDVHOLQHZRUNUDWHHOHYDWLQJFDUGLDFRXWSXWZKLFKUHGXFHVPXVFOH ? ? ?
WROXQJEORRGWUDQVLW WLPHVDQG WKHUHIRUH WKHFDUGLRG\QDPLF%?GXUDWLRQ1HYHUWKHOHVV WKH ? ? ?
DFFXUDF\DQGSUHFLVLRQRIĲ9O?23HVWLPDWLRQZDVVWDWLVWLFDOO\VLPLODUIRU:5:5WUDQVLWLRQV ? ? ?
ZKHQHLWKHUVRUVRIGDWDZHUHUHPRYHG:HWKHUHIRUHUHFRPPHQGWKDWUHVHDUFKHUVHUU ? ? ?
 ? ?

RQWKHVLGHRIFDXWLRQZKHQLVRODWLQJ%?9O?23GDWDDQGUHPRYHno more thanVRIGDWDWR ? ? ?
RSWLPL]HĲ9O?23HVWLPDWLRQ ? ? ?
 ? ? ?
Implications for interpretation of ׋2 VO?2P kinetics:7KHUHDUHWZRVLJQLILFDQWILQGLQJVIURP ? ? ?
RXU VLPXODWLRQV WKDW KDYH LPSOLFDWLRQV IRU LQWHUSUHWDWLRQ RI %? 9O?23 NLQHWLFV )LUVWO\ ZH ? ? ?
IRXQGWKDWRQDYHUDJH%? Ĳ9O?23ZDVRYHUHVWLPDWHG LQDOO WKHGDWDFROOHFWLRQDQGKDQGOLQJ ? ? ?
VWUDWHJLHV LQYHVWLJDWHG 7KLV RYHUHVWLPDWLRQ FDQ EH H[SODLQHG DW OHDVW LQ SDUW E\ WKH WZR ? ? ?
SKDVH9O?23 UHVSRQVHDQGWKHQRQH[SRQHQWLDOLW\RI%?FI)LJXUHVKRZV ? ? ?
WKHHIIHFWVRQ%?Ĳ9O?23 HVWLPDWLRQZKHQ WKHPRQRH[SRQHQWLDO(TXDWLRQ  LV ILW WRFOHDQ ? ? ?
VLPXODWLRQ RXWSXW GDWD IURP GLIIHUHQW SRLQWV WKURXJKRXW WKH 9O?23 UHVSRQVH ,I WKH PRQR ? ? ?
H[SRQHQWLDOILWLVVWDUWHGGXULQJ%?LHIURPDQ\SRLQWEHIRUHVLQWKLVH[DPSOHWKHQWKH ? ? ?
HVWLPDWHG%?Ĳ9O?23LVODUJHUWKDQWUXHGXHWRWKHLQFOXVLRQRIVRPH%?GDWDLQWKHILW,IWKH ? ? ?
ILW LVVWDUWHGDIWHU WKH%? WUDQVLWLRQ WKHQ WKH%?Ĳ9O?23HVWLPDWLRQ LVDOVR ODUJHU WKDQ WUXH ? ? ?
EHFRPLQJODUJHUDVWKHILWLVVWDUWHGIXUWKHUIURPWKH%?WUDQVLWLRQEHFDXVHWKHXQGHUO\LQJ ? ? ?
%?UHVSRQVHLVQRWDSXUHPRQRH[SRQHQWLDOLWLQLWLDOO\LQFUHDVHVPRUHUDSLGO\WKDQDPRQR ? ? ?
H[SRQHQWLDO EHIRUH VORZLQJ GRZQ DV LW UHDFKHV WKH VWHDG\VWDWH  2QO\ D ILW WKDW VWDUWV ? ? ?
H[DFWO\ DW WKH %? WUDQVLWLRQ UHWXUQV WKH WUXH %? Ĳ9O?23 )RU WKHVH FOHDQ VLPXODWHG GDWD ? ? ?
LQDFFXUDWHLGHQWLILFDWLRQRIWKH%?WUDQVLWLRQE\MXVWVFDQUHVXOWLQD%?Ĳ9O?23HVWLPDWLRQ ? ? ?
WKDWLVVODUJHUWKDQWKHWUXHYDOXHWKHLQIOXHQFHRIQRLVHLQH[SHULPHQWDOO\REWDLQHGGDWD ? ? ?
PD\H[DFHUEDWHWKLVHUURU%HFDXVHRIWKHVHHIIHFWVRQ%?Ĳ9O?23HVWLPDWLRQZKHQXVLQJWKH ? ? ?
LGHQWLILHGRSWLPDOGDWD SURFHVVLQJ DQG ILWWLQJSURFHGXUHVZHZHUHRQO\DEOH WR HVWLPDWH%?  ? ? ?
Ĳ9O?23 WRZLWKLQVRI WUXH LQRI WKH83:5VLPXODWLRQVDQG LQRI WKH ? ? ?
:5:5 VLPXODWLRQV > V UHSUHVHQWV DQ HIIHFW VL]H RI a IRU D KHDOWK\ \RXQJ KXPDQ ? ? ?
ZKHUHĲ9O?23 LV W\SLFDOO\aV @([WUDSRODWLQJ WKLVDQDO\VLV IXUWKHUZHFDOFXODWHG WKH ? ? ?
FRQILGHQFHOLPLWVRIRXUĲ9O?23HVWLPDWHGLVWULEXWLRQVDVVKRZQLQ)LJVBDQGDDQG ? ? ?
 ? ?

)LJV B D DQG F Ĳ9O?23 HVWLPDWHV IURP RXWVLGH WKLV FRQILGHQFH LQWHUYDO DUH VWDWLVWLFDOO\ ? ? ?
OLNHO\ WR FRPH IURP D GLIIHUHQW GLVWULEXWLRQSRSXODWLRQ 7KHVH  FRQILGHQFH OLPLWV IRU ? ? ?
Ĳ9O?23HVWLPDWHVXVLQJRXUSUHGHWHUPLQHGRSWLPDOGDWDSURFHVVLQJDQGILWWLQJSURFHGXUHVDUH ? ? ?
VDQGVIURPWKHPHDQIRUWUDQVLWLRQVIURPXQORDGHGSHGDOLQJRUDUDLVHGZRUN ? ? ?
UDWHUHVSHFWLYHO\7DEOH:HWKHUHIRUHSURSRVHWKDWWKHPLQLPDOO\LPSRUWDQWGLIIHUHQFHIRU ? ? ?
DVLJQLILFDQWFKDQJHLQĲ9O?23HJGXULQJLQWHUYHQWLRQDODQGFRPSDUDWLYHVWXGLHVVKRXOGEH ? ? ?
V,IWKHQXPEHURIDYHUDJHGERXWVLVUHGXFHGIURPWKHRSWLPXPRIIRXU WKLVPLQLPDOO\ ? ? ?
LPSRUWDQWGLIIHUHQFHVKRXOGEHLQFUHDVHGLQDFFRUGDQFHZLWKWKHFRQILGHQFHOLPLWVVKRZQLQ ? ? ?
7DEOH ? ? ?
 ? ? ?
7KHVHFRQGLPSOLFDWLRQIRU LQWHUSUHWDWLRQRIĲ9O?23 IURPRXUGDWD LV WRTXHVWLRQZKHWKHUDQ ? ? ?
H[SRQHQWLDO ILW VKRXOG EH XVHG DW DOO :H KDYH SUHYLRXVO\ VKRZQ WKDW WKH G\QDPLFV DQG ? ? ?
PL[LQJ RI FLUFXODWRU\ FRPSDUWPHQWV EHWZHHQ PXVFOH DQG OXQJ GLVWRUW WKH DSSUR[LPDWHO\ ? ? ?
H[SRQHQWLDOPXVFOH9O?2NLQHWLFVLQWRDQRQH[SRQHQWLDO%? 9O?23UHVSRQVHDWWKHOXQJ$ ? ? ?
UHFHQWPHWDDQDO\VLVRIDYDLODEOHGDWDPHDVXULQJERWKPXVFOHDQGOXQJ9O?2NLQHWLFVGXULQJ ? ? ?
F\FOLQJDQGNQHHH[WHQVLRQH[HUFLVHGHPRQVWUDWHVDZLGHYDULDELOLW\RIĲ9O?2EHWZHHQPXVFOH ? ? ?
DQGOXQJ6RPHKDYHSURSRVHGDOWHUQDWLYHPHWKRGVWRDVVHVVNLQHWLFUHVSRQVHVVXFKDV ? ? ?
WKHWLPHWRVWHDG\VWDWH+RZHYHUVXFKDSSURDFKHVKDYHEHHQGHPRQVWUDWHGWREHERWK ? ? ?
LQKHUHQWO\PRUHYDULDEOHWKDQUHO\LQJRQDPHWKRGWKDWPD[LPL]HVWKHXWLOLW\RIDYDLODEOHQRQ ? ? ?
VWHDG\VWDWHGDWDDQGLVFRQFHSWXDOO\IODZHGRQWKHEDVLVWKDWWKHWLPHWRVWHDG\VWDWH ? ? ?
RIDQRQH[SRQHQWLDOSURFHVVLVFRQWLQXDOO\FKDQJLQJ$OWHUQDWLYHDSSURDFKHVWRNLQHWLFV ? ? ?
HVWLPDWLRQ XVLQJ IRU H[DPSOH SVHXGRUDQGRP ELQDU\ VHTXHQFH H[HUFLVH WHVWLQJ DQG WLPH ? ? ?
VHULHVDQDO\VLVPD\DOORZIRUPXVFOHĲ9O?2WREHUHVROYHGE\DOWHUQDWLYHPHWKRGV,W ? ? ?
UHPDLQVWREHGHWHUPLQHGZKHWKHUVXFKPHWKRGVSURYLGHLQFUHDVHGDFFXUDF\IRUQRQLQYDVLYH ? ? ?
HVWLPDWLRQRIPXVFOH9O?2NLQHWLFUHVSRQVHVFRPSDUHGZLWK%? Ĳ9O?2HVWLPDWLRQE\UHSHDWHG ? ? ?
 ? ?

VWHSWUDQVLWLRQV2XUVLPXODWLRQVKHUHGHPRQVWUDWHWKDWDPRQRH[SRQHQWLDOILWWR%? 9O?2LVD ? ? ?
XVHIXODQGFRQFLVHPHWKRGIRUDFFXUDWHO\GHVFULELQJ WKHRYHUDOONLQHWLFVRI WKHH[SRQHQWLDO ? ? ?
OLNHSXOPRQDU\%? 9O?2NLQHWLFUHVSRQVH ? ? ?
  ? ? ?
Limitations: 7KHPHDQVDQG6'VRIWKHSDUDPHWHUVXVHGLQRXU0RQWH&DUORVLPXODWLRQVZHUH ? ? ?
UHSUHVHQWDWLYHRIKHDOWK\\RXQJDGXOWV4XDQWLWDWLYHO\GLIIHUHQWUHVXOWVPD\EHIRXQG ? ? ?
IRURWKHUSRSXODWLRQVZLWKGLIIHUHQW%?9O?23NLQHWLFSDUDPHWHUVVXFKDVWKHHOGHUO\RUKHDUW ? ? ?
IDLOXUHSDWLHQWVZKRKDYH VORZHG9O?23 NLQHWLFV  1HYHUWKHOHVVRXU PDLQTXDOLWDWLYH ? ? ?
ILQGLQJVZLOOVWLOOEHSHUWLQHQWZKHQFROOHFWLQJSURFHVVLQJDQGILWWLQJ9O?23GDWDIURPWKHVH ? ? ?
RWKHU SRSXODWLRQV ,Q SDUWLFXODU RXU PDLQ SRLQW UHJDUGLQJ RSWLPDO GDWD FROOHFWLRQ DQG ? ? ?
SURFHVVLQJ PHWKRGV ± WKDW PHWKRGV VKRXOG EH HPSOR\HG WR PLQLPL]H EUHDWKE\EUHDWK ? ? ?
IOXFWXDWLRQV DQG WKDW LW LV HVVHQWLDO WR LQFOXGH DOO %? 9O?23 GDWD LQ WKH ILW ± ZLOO PRUH WKDQ ? ? ?
OLNHO\ VWDQG IRU WKHVHSRSXODWLRQV DV LW LV VWLOO H[SHFWHG WKDW WKH SRWHQWLDOO\ VORZHG LQLWLDO ? ? ?
SRUWLRQRI%?9O?23ZLOOFKDQJHUDSLGO\ZLWKUHVSHFWWRWKHQRLVHLQWKHGDWDDWWKHHQGRI%? ? ? ?
 ? ? ?
)RUSRSXODWLRQVZKHUHLQGLYLGXDOVDUHH[SHFWHGWRKDYHDUHGXFHGFDUGLDFRXWSXWDQGVORZHG ? ? ?
FDUGLDFRXWSXW NLQHWLFV DQG D FRQFRPLWDQW SURORQJDWLRQRI%?GXUDWLRQ FRPSDUHG WR \RXQJ ? ? ?
KHDOWK\DGXOWV>VXFKDVKHDUWIDLOXUHSDWLHQWV@WKHXVHRIDELH[SRQHQWLDOILWRUVWDWLVWLFDO ? ? ?
RU GHULYDWLYH PHWKRGV WR DXWRPDWLFDOO\ LGHQWLI\ WKH %? WUDQVLWLRQ LV LQKHUHQWO\ DWWUDFWLYH ? ? ?
+RZHYHU RXU UHVXOWV KLJKOLJKW WKDW WKH QRLVH LQ WKH 9O?23 GDWD OLPLW WKH DELOLW\ RI WKHVH ? ? ?
PHWKRGV WR FRUUHFWO\ LGHQWLI\ WKH %? WUDQVLWLRQ UHGXFLQJ WKH DFFXUDF\ DQG SUHFLVLRQ RI ? ? ?
VXEVHTXHQWĲ9O?23HVWLPDWLRQ,QWKLVVWXG\WKHHPSLULFDOWLPHUHPRYDOPHWKRGVUHPRYDORI ? ? ?
WKHILUVWVRIGDWDIRUH[HUFLVHIURPXQORDGHGSHGDOLQJRUVLIH[HUFLVHZDVVWDUWHGIURP ? ? ?
D UDLVHG EDVHOLQH ZHUH WKH RQO\ PHWKRGV WKDW JDYH VWDWLVWLFDOO\ VLPLODU Ĳ9O?23 HVWLPDWHV WR ? ? ?
FRQWUROILWVGHVSLWH%?GXUDWLRQUDQJLQJIURPVWRVDFURVVDOOVLPXODWLRQV,WUHPDLQVWR ? ? ?
 ? ?

EH GHWHUPLQHG ZKHWKHU UHPRYDO RI WKH ILUVW  V RI GDWD UHVXOWV LQ WKH PRVW DFFXUDWH DQG ? ? ?
SUHFLVHĲ9O?23HVWLPDWLRQVIRUSRSXODWLRQVZKHUH%?LVSURORQJHGEXWLWPD\EHQHFHVVDU\WR ? ? ?
FRPSHQVDWHIRUWKHSURORQJHG%?GXUDWLRQZKHQUHPRYLQJ%?GDWDIURPWKHILWWLQJZLQGRZ ? ? ?
 ? ? ?
2QO\RQWUDQVLHQWH[HUFLVHLQWKHPRGHUDWHLQWHQVLW\GRPDLQZDVVLPXODWHGLQWKLVVWXG\,WLV ? ? ?
VWLOOWREHGHWHUPLQHGZKHWKHUWKHLGHQWLILHGRSWLPDOILWWLQJSURFHGXUHVZLOOSURGXFHWKHPRVW ? ? ?
DFFXUDWH DQG SUHFLVH Ĳ9O?23 HVWLPDWLRQV IRU RQWUDQVLHQW GDWD LQ KLJKHU H[HUFLVH LQWHQVLW\ ? ? ?
GRPDLQVZKHUHILWWLQJFDQEHFRPSOLFDWHGE\WKHHPHUJHQFHRID9O?23VORZFRPSRQHQW ? ? ?
 6LPLODUO\ WKH DSSOLFDELOLW\ RI RXU LGHQWLILHG RSWLPDO SURFHGXUHV IRU RIIWUDQVLHQW GDWD ? ? ?
ZKHUHFDUGLDFRXWSXW LVH[SHFWHGWREHLQLWLDOO\HOHYDWHGDQGVRSURGXFHDPXFKVKRUWHU%? ? ? ?
SRWHQWLDOO\LQIOXHQFLQJWKHDPRXQWRIGDWDWKDWVKRXOGEHUHPRYHGEHIRUHILWWLQJLVVWLOOWREH ? ? ?
GHWHUPLQHG ? ? ?
 ? ? ?
&21&/86,216 ? ? ?
 ? ? ?
:HXVHGDYDOLGDWHGFRPSXWDWLRQDOPRGHOWRJHWKHUZLWKD0RQWH&DUORDSSURDFKWRDVVHVVWKH ? ? ?
DFFXUDF\DQGWKHSUHFLVLRQRIYDULRXVDYHUDJLQJDQGILWWLQJSURFHGXUHVRQ WKHHVWLPDWLRQRI ? ? ?
9O?23NLQHWLFV2XUDQDO\VHVVKRZHGWKDW IRXUERXWVRIH[HUFLVHZDVWKHRSWLPDOQXPEHU WR ? ? ?
DYHUDJHLQRUGHUWRLQFUHDVHDFFXUDF\DQGSUHFLVLRQRIĲ9O?23HVWLPDWLRQ&KRLFHRIDYHUDJLQJ ? ? ?
VWUDWHJ\ ZDV QRW VR FULWLFDO ZLWK LQWHUSRODWLRQ ELQ DYHUDJLQJ DQG VWDFNLQJ DOO JLYLQJ ? ? ?
TXDQWLWDWLYHO\VLPLODUĲ9O?23HVWLPDWHV7KHLQWHUSRODWLRQELQQLQJDQGVWDFNLQJPHWKRGVGLG ? ? ?
KRZHYHU DOORZ PRUH FRQILGHQW SDUDPHWHU HVWLPDWHV ZKHQ FRPSDUHG WR DQDO\]LQJ UHSHDWHG ? ? ?
ERXWV VHSDUDWHO\ 'DWD FROOHFWLRQ DQG SURFHVVLQJ VWUDWHJLHV VKRXOG WKHUHIRUH IRFXV RQ ? ? ?
LQFUHDVLQJWKHVLJQDOWRQRLVHUDWLRLQWKHFROOHFWHGGDWD&RQWUDGLFWRU\WRSUHYLRXVDGYLFHWKDW ? ? ?
VXJJHVWVUHPRYDORIat leastVRIGDWDWRLVRODWH%?9O?23EHIRUHILWWLQJRXUDQDO\VHVVKRZ ? ? ?
 ? ?

WKDW GDWD ILWWLQJSURFHGXUHV VKRXOG UHPRYHno more than  V RI GDWD DV WKLV SURYLGHG WKH ? ? ?
PRVWSUHFLVHDQGDFFXUDWHHVWLPDWHVRIĲ9O?232XUDQDO\VHVVKRZHGWKHZLGHO\XVHGVWDQGDUG ? ? ?
DSSURDFKHV IRU GDWD FROOHFWLRQ SURFHVVLQJ DQG ILWWLQJ ZKLOH RIWHQ GLIIHUHQW EHWZHHQ ? ? ?
ODERUDWRULHVGLGQRWKDYHDVXEVWDQWLDOHIIHFWRQWKHTXDQWLWDWLRQRI%?9O?23NLQHWLFVper se ? ? ?
+RZHYHU ZH IRXQG WKDW HYHQ WKLV RSWLPDO SURFHGXUH \LHOGHG Ĳ9O?23 HVWLPDWHV WKDW ZHUH ? ? ?
ZLWKLQ   V RI WUXH LQ RQO\  RI VLPXODWLRQV 7KXV ZH LGHQWLILHG WKH PLQLPDOO\ ? ? ?
LPSRUWDQWGLIIHUHQFHIRUĲ9O?23IRUXVHLQLQWHUYHQWLRQDODQGFRPSDUDWLYHVWXGLHVWREHV ? ? ?
 ? ?

*5$176 ? ? ?
7KLVZRUNZDVVXSSRUWHGE\D%LRWHFKQRORJ\DQG%LRORJLFDO6FLHQFH5HVHDUFK&RXQFLO8. ? ? ?
UHVHDUFK JUDQW %5,; DQG D 8QLYHUVLW\ RI /HHGV ,QWHUQDWLRQDO 5HVHDUFK ? ? ?
&ROODERUDWLRQ$ZDUG ? ? ?
 ? ? ?
',6&/2685(6 ? ? ?
1RFRQIOLFWVRILQWHUHVWILQDQFLDORURWKHUZLVHDUHGHFODUHGE\WKHDXWKRUV ? ? ?
 ? ? ?
$87+25&2175,%87,216 ? ? ?
$OO DXWKRUV FRQFHLYHG DQG GHVLJQHG WKH VWXG\ $3% FDUULHG RXW WKH VLPXODWLRQV DQG ? ? ?
SURFHVVHG DQG DQDO\]HG WKH FROOHFWHG GDWD DOO DXWKRUV LQWHUSUHWHG WKH UHVXOWV RI WKH ? ? ?
VLPXODWLRQV $3% SUHSDUHG WKH ILJXUHV DQG WKH ILUVW GUDIW RI WKH PDQXVFULSW DOO DXWKRUV ? ? ?
HGLWHGDQGDSSURYHGWKHILQDOYHUVLRQRIWKHPDQXVFULSW  ? ? ?
 ? ?

5()(5(1&(6 ? ? ?
 ? ? ?
 %DEFRFN 0$ 3DWHUVRQ '+ &XQQLQJKDP '$ 'LFNLQVRQ -5 ([HUFLVH RQWUDQVLHQW ? ? ?
JDVH[FKDQJHNLQHWLFV DUH VORZHGDV D IXQFWLRQRIDJHMed Sci Sports Exerc ? ? ?
 ? ? ?
 %DQJVER - .UXVWUXS 3 *RQ]iOH]$ORQVR - %RXVKHO 5 6DOWLQ % 0XVFOH R[\JHQ ? ? ?
NLQHWLFV DW RQVHW RI LQWHQVH G\QDPLF H[HUFLVH LQ KXPDQV Am J Physiol Regul Integr  ? ? ?
Comp Physiol55 ? ? ?
 %DUVWRZ7-/DPDUUD1:KLSS%-0RGXODWLRQRIPXVFOHDQGSXOPRQDU\2XSWDNHV ? ? ?
E\FLUFXODWRU\G\QDPLFVGXULQJH[HUFLVHJ Appl Physiol ? ? ?
 %DUVWRZ7-0ROp3$/LQHDU DQGQRQOLQHDU FKDUDFWHULVWLFVRIR[\JHQXSWDNHNLQHWLFV ? ? ?
GXULQJKHDY\H[HUFLVHJ Appl Physiol ? ? ?
 %DUVWRZ7-0ROp3$6LPXODWLRQRISXOPRQDU\2XSWDNHGXULQJH[HUFLVHWUDQVLHQWVLQ ? ? ?
KXPDQVJ Appl Physiol ? ? ?
 %HDYHU :/ /DPDUUD 1 :DVVHUPDQ . %UHDWKE\EUHDWK PHDVXUHPHQW RI WUXH ? ? ?
DOYHRODUJDVH[FKDQJHJ Appl Physiol  ? ? ?
 %HOO&3DWHUVRQ'+.RZDOFKXN-03DGLOOD-&XQQLQJKDP'$$FRPSDULVRQRI ? ? ?
PRGHOOLQJWHFKQLTXHVXVHGWRFKDUDFWHULVHR[\JHQXSWDNHNLQHWLFVGXULQJWKHRQWUDQVLHQW ? ? ?
RIH[HUFLVHExp Physiol ? ? ?
 %HQVRQ $3 *UDVVL % 5RVVLWHU +% $ YDOLGDWHG PRGHO RI R[\JHQ XSWDNH DQG ? ? ?
FLUFXODWRU\G\QDPLF LQWHUDFWLRQVDWH[HUFLVHRQVHW LQKXPDQVJ Appl Physiol ? ? ?
 ? ? ?
 %RZHQ76&DQQRQ'70XUJDWUR\G65%LUFK.0:LWWH..5RVVLWHU+%7KH ? ? ?
LQWUDPXVFXODUFRQWULEXWLRQWRWKHVORZR[\JHQXSWDNHNLQHWLFVGXULQJH[HUFLVHLQFKURQLF ? ? ?
 ? ?

KHDUW IDLOXUH LV UHODWHG WR WKH VHYHULW\ RI WKH FRQGLWLRQ J Appl Physiol   ? ? ?
 ? ? ?
 %ULQJDUG $ $GDPL $ 0RLD & )HUUHWWL * $ QHZ LQWHUSRODWLRQIUHH SURFHGXUH IRU ? ? ?
EUHDWKE\EUHDWK DQDO\VLV RI R[\JHQ XSWDNH LQ H[HUFLVH WUDQVLHQWV Eur J Appl Physiol ? ? ?
 ? ? ?
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  ? ? ?
 ? ? ?
 %UXQQHU/D5RFFD+3:HLOHQPDQQ')ROODWK)6FKOXPSI05LFNOL+6FKDOFKHU ? ? ?
& 0DO\ )( &DQGLQDV 5 .LRZVNL : 2[\JHQ XSWDNH NLQHWLFV GXULQJ ORZ OHYHO ? ? ?
H[HUFLVH LQ SDWLHQWV ZLWK KHDUW IDLOXUH UHODWLRQ WR QHXURKRUPRQHV SHDN R[\JHQ ? ? ?
FRQVXPSWLRQDQGFOLQLFDOILQGLQJVHeart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JDVFRPSRVLWLRQDIWHUWKHRQVHWRIH[HUFLVHJ Appl Physiol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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 &KHFKLOH 5$ 3RROLQJ GDWD YHUVXV DYHUDJLQJ PRGHO ILWV IRU VRPH SURWRW\SLFDO ? ? ?
PXOWLQRPLDOSURFHVVLQJWUHHPRGHOVJ Math Psychol ? ? ?
 'XQQ:/6KXOWLV-.Exploring Monte Carlo Methods.$PVWHUGDP7KH1HWKHUODQGV ? ? ?
(OVHYLHU ? ? ?
 )UDQFHVFDWR03&HWWROR9GL3UDPSHUR3(2[\JHQXSWDNHNLQHWLFVDWZRUNRQVHW ? ? ?
UROHRIFDUGLDFRXWSXWDQGRISKRVSKRFUHDWLQHEUHDNGRZQRespir Physiol Neurobiol ? ? ?
 ? ? ?
 ? ?

 )UDQFHVFDWR 03 &HWWROR 9 %HOOLR 5. $VVHPEOLQJ PRUH 2 XSWDNH UHVSRQVHV ,V LW ? ? ?
SRVVLEOHWRPHUHO\VWDFNWKHUHSHDWHGWUDQVLWLRQV" Respir Physiol Neurobiol ? ? ?
 ? ? ?
 )UDQFHVFDWR 03 &HWWROR 9 %HOOLR 5. &RQILGHQFH LQWHUYDOV IRU WKH SDUDPHWHUV ? ? ?
HVWLPDWHG IURP VLPXODWHG 2 XSWDNH NLQHWLFV HIIHFWV RI GLIIHUHQW GDWD WUHDWPHQWV Exp  ? ? ?
Physiol ? ? ?
 )UDQFHVFDWR 03 &HWWROR 9 %HOOLR 5 ,QWHUSUHWLQJ WKH FRQILGHQFH LQWHUYDOV RI PRGHO ? ? ?
SDUDPHWHUVRIEUHDWKE\EUHDWKSXOPRQDU\2XSWDNHExp Physiol ? ? ?
 *UDVVL%3RROH'&5LFKDUGVRQ56.QLJKW'5(ULFNVRQ%.:DJQHU3'0XVFOH ? ? ?
2XSWDNHNLQHWLFVLQKXPDQVLPSOLFDWLRQVIRUPHWDEROLFFRQWUROJ Appl Physiol ? ? ?
 ? ? ?
 *UDVVL%3RUFHOOL60DU]RUDWL0/DQIUDQFRQL)9DJR30DUFRQL&0RUDQGL/ ? ? ?
0HWDEROLFP\RSDWKLHVIXQFWLRQDOHYDOXDWLRQE\DQDO\VLVRIR[\JHQXSWDNHNLQHWLFVMed  ? ? ?
Sci Sports Exerc ? ? ?
 +RIIPDQQ8'UHVFKHU8%HQVRQ$35RVVLWHU+%(VVIHOG'6NHOHWDOPXVFOH9O?2 ? ? ?
NLQHWLFV IURP FDUGLRSXOPRQDU\ PHDVXUHPHQWV DVVHVVLQJ GLVWRUWLRQV WKURXJK 2 ? ? ?
WUDQVSRUWE\PHDQVRIVWRFKDVWLFZRUNUDWHVLJQDOVDQGFLUFXODWRU\PRGHOOLQJEur J Appl  ? ? ?
Physiol ? ? ?
 +XJKVRQ5/2[\JHQXSWDNHNLQHWLFVKLVWRULFDOSHUVSHFWLYHDQGIXWXUHGLUHFWLRQVAppl  ? ? ?
Physiol Nutr Metab ? ? ?
 .HLU'$0XULDV-03DWHUVRQ'+.RZDOFKXN-0%UHDWKE\EUHDWKSXOPRQDU\2 ? ? ?
XSWDNHNLQHWLFVHIIHFWRIGDWDSURFHVVLQJRQFRQILGHQFHLQHVWLPDWLQJPRGHOSDUDPHWHUV ? ? ?
Exp Physiol ? ? ?
 ? ?

 .RJD 6 5RVVLWHU +% +HLQRQHQ , 0XVFK 7, 3RROH '& '\QDPLF KHWHURJHQHLW\ RI ? ? ?
H[HUFLVLQJ PXVFOH EORRG IORZ DQG 2 XWLOL]DWLRQ Med Sci Sports Exerc   ? ? ?
 ? ? ?
 .RKO-.ROOHU($-lJHU05HODWLRQEHWZHHQSHGDOLQJDQGEUHDWKLQJUK\WKPEur J  ? ? ?
Appl Physiol ? ? ?
 .RSSR.%RXFNDHUW--RQHV$0(IIHFWVRIWUDLQLQJVWDWXVDQGH[HUFLVHLQWHQVLW\RQ ? ? ?
SKDVH,,9O?2NLQHWLFVMed Sci Sports Exerc ? ? ?
 .RU]HQLHZVNL % 5RVVLWHU +% (DFKVWHS DFWLYDWLRQ RI R[LGDWLYH SKRVSKRU\ODWLRQ LV ? ? ?
QHFHVVDU\ WR H[SODLQ PXVFOH PHWDEROLF NLQHWLF UHVSRQVHV WR H[HUFLVH DQG UHFRYHU\ LQ ? ? ?
KXPDQVJ Physiol ? ? ?
 .RVFKDWH - 'UHVFKHU 8 %DXP . (LFKEHUJ 6 6FKLIIHU 7 /DWVFK - %UL[LXV . ? ? ?
+RIIPDQQ80XVFXODUR[\JHQXSWDNHNLQHWLFVLQDJHGDGXOWVInt J Sports Med ? ? ?
 ? ? ?
 /DPDUUD19DULDEOHVFRQVWDQWVDQGSDUDPHWHUVFODULI\LQJWKHV\VWHPVWUXFWXUHMed  ? ? ?
Sci Sports Exerc ? ? ?
 /DPDUUD1:KLSS%-:DUG6$:DVVHUPDQ.(IIHFWRILQWHUEUHDWKIOXFWXDWLRQVRQ ? ? ?
FKDUDFWHUL]LQJH[HUFLVHJDVH[FKDQJHNLQHWLFVJ Appl Physiol ? ? ?
 /DPDUUD 1 :KLSS %- :DUG 6$ :DVVHUPDQ . 7KH HIIHFW RI K\SHUR[LD RQ WKH ? ? ?
FRXSOLQJ RI YHQWLODWRU DQG JDVH[FKDQJH G\QDPLFV LQ UHVSRQVH WR LPSXOVH H[HUFLVH ? ? ?
WHVWLQJ ,Q Concepts and Formalizations in the Control of Breathing HGLWHG E\ ? ? ?
%HQFKHWULW*%DFRQQLHU3'HPRQJHRW-0DQFKHVWHU8.0DQFKHVWHU8QLYHUVLW\3UHVV ? ? ?
 ? ? ?
 /HZLV507RUF]RQ97URVVHW0:'LUHFWVHDUFKPHWKRGVWKHQDQGQRZJ Comput  ? ? ?
Appl Math ? ? ?
 ? ?

 0D65RVVLWHU+%%DUVWRZ7-&DVDEXUL53RUV]DV]-&ODULI\LQJWKHHTXDWLRQIRU ? ? ?
PRGHOLQJRI9O?2 NLQHWLFV DERYH WKH ODFWDWH WKUHVKROGJ Appl Physiol  ? ? ?
 ? ? ?
 0H]]DQL$*UDVVL%*LRUGDQR$&RUUj8&RORPER6*LDQQX]]L3$JHUHODWHG ? ? ?
SURORQJDWLRQRISKDVH,RI9O?2RQNLQHWLFVLQKHDOWK\KXPDQVAm J Physiol5 ? ? ?
5 ? ? ?
 0XUJDWUR\G 65 )HUJXVRQ & :DUG 6$ :KLSS %- 5RVVLWHU +% 3XOPRQDU\ 2 ? ? ?
XSWDNHNLQHWLFVDVDGHWHUPLQDQWRIKLJKLQWHQVLW\H[HUFLVH WROHUDQFH LQKXPDQVJ Appl  ? ? ?
Physiol ? ? ?
 0XULDV-06SHQFHU0'.RZDOFKXN-03DWHUVRQ'+,QIOXHQFHRISKDVH,GXUDWLRQ ? ? ?
RQSKDVH ,,9O?2NLQHWLFVSDUDPHWHU HVWLPDWHV LQROGHUDQG\RXQJDGXOWVAm J Physiol  ? ? ?
Regul Integr Comp Physiol 55 ? ? ?
 1HU\ /( :DVVHUPDQ . $QGUHZV -' +XQWVPDQ '- +DQVHQ -( :KLSS %- ? ? ?
9HQWLODWRU\DQGJDVH[FKDQJHNLQHWLFVGXULQJH[HUFLVHLQFKURQLFDLUZD\VREVWUXFWLRQJ  ? ? ?
Appl Physiol ? ? ?
 3RROH'&-RQHV$02[\JHQXSWDNHNLQHWLFVCompr Physiol ? ? ?
 3RWWHU &5 &KLOGV '- +RXJKWRQ : $UPVWURQJ 1 %UHDWKWREUHDWK QRLVH LQ WKH ? ? ?
YHQWLODWRU\ DQG JDV H[FKDQJH UHVSRQVHV RI FKLOGUHQ WR H[HUFLVH Eur J Appl Physiol  ? ? ?
Occup Physiol ? ? ?
 3UHVV:+7HXNROVN\6$9HWWHUOLQJ:7)ODQQHU\%3Numerical Recipes: The Art  ? ? ?
of Scientific ComputingUGHG&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVV ? ? ?
 3XHQWH0DHVWX / 3DODQJH 3 &DVDEXUL 5 /DYHQH]LDQD 3 0DOWDLV ) 1HGHU -$ ? ? ?
2
'RQQHOO '( 2QRUDWL 3 3RUV]DV] - 5DELQRYLFK 5 5RVVLWHU +% 6LQJK 6 ? ? ?
7URRVWHUV 7 :DUG 6 8VH RI H[HUFLVH WHVWLQJ LQ WKH HYDOXDWLRQ RI LQWHUYHQWLRQDO ? ? ?
HIILFDF\DQRIILFLDO(56VWDWHPHQWEur Respir J ? ? ?
 ? ?

 5REHUJV5$$FULWLFDOUHYLHZRIWKHKLVWRU\RIORZWRPRGHUDWHLQWHQVLW\VWHDG\VWDWH ? ? ?
92NLQHWLFVSports Med ? ? ?
 5RVVLWHU+%([HUFLVHNLQHWLFFRQVLGHUDWLRQVIRUJDVH[FKDQJHCompr Physiol ? ? ?
 ? ? ?
 5RVVLWHU +% +RZH )$ :DUG 6$ .RZDOFKXN -0 *ULIILWKV -5 :KLSS %- ? ? ?
,QWHUVDPSOH IOXFWXDWLRQV LQ SKRVSKRFUHDWLQH FRQFHQWUDWLRQ GHWHUPLQHG E\ 3PDJQHWLF ? ? ?
UHVRQDQFHVSHFWURVFRS\DQGSDUDPHWHUHVWLPDWLRQRIPHWDEROLF UHVSRQVHV WRH[HUFLVH LQ ? ? ?
KXPDQVJ Physiol ? ? ?
 5RVVLWHU +% :DUG 6$ 'R\OH 9/ +RZH )$ *ULIILWKV -5 :KLSS %- ,QIHUHQFHV ? ? ?
IURP SXOPRQDU\ 2 XSWDNH ZLWK UHVSHFW WR LQWUDPXVFXODU >SKRVSKRFUHDWLQH@ NLQHWLFV ? ? ?
GXULQJPRGHUDWHH[HUFLVHLQKXPDQVJ Physiol ? ? ?
 6FKDOFKHU&5LFNOL+%UHKP0:HLOHQPDQQ'2HFKVOLQ(.LRZVNL:%UXQQHU ? ? ?
/D 5RFFD +3 3URORQJHG R[\JHQ XSWDNH NLQHWLFV GXULQJ ORZLQWHQVLW\ H[HUFLVH DUH ? ? ?
UHODWHG WR SRRU SURJQRVLV LQ SDWLHQWV ZLWK PLOGWRPRGHUDWH FRQJHVWLYH KHDUW IDLOXUH ? ? ?
Chest ? ? ?
 6LHWVHPD.(2[\JHQXSWDNHNLQHWLFVLQUHVSRQVHWRH[HUFLVHLQSDWLHQWVZLWKSXOPRQDU\ ? ? ?
YDVFXODUGLVHDVHAm Rev Respir Dis ? ? ?
 6LHWVHPD.(%HQ'RY,=KDQJ<<6XOOLYDQ&:DVVHUPDQ.'\QDPLFVRIR[\JHQ ? ? ?
XSWDNHIRUVXEPD[LPDOH[HUFLVHDQGUHFRYHU\LQSDWLHQWVZLWKFKURQLFKHDUWIDLOXUHChest ? ? ?
 ? ? ?
 6SHH 5) 1LHPHLMHU 90 6FKRRWV 7 :LMQ 3) 'RHYHQGDQV 3$ .HPSV +0 7KH ? ? ?
UHODWLRQ EHWZHHQ FDUGLDF RXWSXW NLQHWLFV DQG VNHOHWDO PXVFOH R[\JHQDWLRQ GXULQJ ? ? ?
PRGHUDWH H[HUFLVH LQ PRGHUDWHO\ LPSDLUHG SDWLHQWV ZLWK FKURQLF KHDUW IDLOXUH J Appl  ? ? ?
Physiol ? ? ?
 ? ?

 6SLHVV$11HXPH\HU1$QHYDOXDWLRQRI5DVDQLQDGHTXDWHPHDVXUHIRUQRQOLQHDU ? ? ?
PRGHOV LQ SKDUPDFRORJLFDO DQG ELRFKHPLFDO UHVHDUFK D 0RQWH &DUOR DSSURDFK BMC  ? ? ?
Pharmacol ? ? ?
 6SHQFHU 0' *UDQYHOOH %05 0XULDV -0 =HUELQL / 3RJOLDJKL 6 3DWHUVRQ '+ ? ? ?
'XUDWLRQ RI ³3KDVH ,´ 9O?2 D FRPSDULVRQ RI PHWKRGV XVHG LQ LWV HVWLPDWLRQ DQG WKH ? ? ?
HIIHFWVRIYDU\LQJPRGHUDWHLQWHQVLW\ZRUNUDWHAm J Physiol Regul Integr Comp Physiol ? ? ?
55 ? ? ?
 6ZDQVRQ*'6KHUULOO'/2QWKHEUHDWKWREUHDWKHVWLPDWLRQRIJDVH[FKDQJHJ Appl  ? ? ?
Physiol ? ? ?
 :KLSS%-:DUG6$/DPDUUD1'DYLV-$:DVVHUPDQ.3DUDPHWHUVRIYHQWLODWRU\ ? ? ?
DQGJDVH[FKDQJHG\QDPLFVGXULQJH[HUFLVHJ Appl Physiol ? ? ?
 :KLSS%-5RVVLWHU+%7KHNLQHWLFVRIR[\JHQXSWDNHSK\VLRORJLFDOLQIHUHQFHVIURP ? ? ?
WKHSDUDPHWHUV,QOxygen Uptake Kinetics in Sport, Exercise and MedicineHGLWHGE\ ? ? ?
-RQHV$03RROH'&/RQGRQ8.5RXWOHGJH ? ? ?
 :VW5&$OLYHUWL$&DSHOOL&.D\VHU%%UHDWKE\EUHDWKFKDQJHVRIOXQJR[\JHQ ? ? ?
VWRUHV DW UHVW DQG GXULQJ H[HUFLVH LQ KXPDQV Respir Physiol Neurobiol   ? ? ?
  ? ? ?
 ? ?

7DEOH'LVWULEXWLRQVRIPRGHOLQSXWSDUDPHWHUVIRU0RQWH&DUORVLPXODWLRQV6HH%HQVRQHW ? ? ?
DOIRUDGHWDLOHGGHVFULSWLRQRIWKHPRGHO*DXVVLDQGLVWULEXWLRQVZHUHFDOFXODWHGIURPWKH ? ? ?
GDWDRI*UDVVLHWDODQG%HQVRQHWDO/LQHDUGLVWULEXWLRQVZHUHVHWIRUWKLVVWXG\ ? ? ?
3DUDPHWHUVZLWK*DXVVLDQGLVWULEXWLRQV 0HDQ 6'
$UWHULDO2FRQFHQWUDWLRQPO2POEORRG  
7RWDOYHQRXVYROXPHOD  
%DVHOLQH9O?23OPLQ  
)UDFWLRQRIEDVHOLQH9O?23IURPPXVFOHE  
%DVHOLQH4O?WRWOPLQ  
)UDFWLRQRIEDVHOLQH4O?WRWWRPXVFOHE  ο9O?23 ο:Τ POPLQ:  ο9O?2P ο:Τ POPLQ:  ο4O?P ο9O?2PΤ   
Ĳ4O?P Ĳ9O?2PΤ F  3DUDPHWHUVZLWKOLQHDUGLVWULEXWLRQV 0LQLPXP 0D[LPXP
Ĳ9O?2PV  
%DVHOLQH:5IRU:5:5VLPXODWLRQVRQO\:G  
ǻ:5:H  
3DUDPHWHUVZLWKRWKHUGHSHQGHQFLHVο9O?2E ο:Τ ൌ ο9O?23 ο:Τ െ ο9O?2P ο:Τ   ο4O?E ο9O?2EΤ ൌ ο4O?P ο9O?2PΤ   
Ĳ9O?2E ൌ Ĳ9O?2P  
Ĳ4O?E ൌ Ĳ4O?P  
4O?GHQRWHVEORRGIORZZLWK4O?WRWGHQRWLQJFDUGLDFRXWSXW7KHVXEVFULSWµP¶GHQRWHVPXVFOH ? ? ?
FRPSDUWPHQW WKH VXEVFULSW µE¶ GHQRWHV UHVWRIERG\ FRPSDUWPHQW %DVHOLQH LV XQORDGHG ? ? ?
SHGDOLQJ LH  : D7KH UDWLR RI WKH PXVFOH ERG\ DQG PL[HG YHQRXV YROXPHV ZDV ? ? ?
PDLQWDLQHGDVLQWKHGHIDXOWPRGHORQO\WKHWRWDOYHQRXVYROXPHZDVDOWHUHGE7KHUHPDLQGHU ? ? ?
RIWKHEDVHOLQH9O?23DQG4O?WRWFRPHVIURPDQGJRHVWRWKHERG\FRPSDUWPHQWF7RDYRLG ? ? ?
NLQHWLF PLVPDWFK EHWZHHQ PXVFOH 4O? DQG 9O?2 DV RFFXUV ZLWK VORZ 4O?P EXW IDVW 9O?2P ? ? ?
NLQHWLFV WKDW UHVXOW LQ PXVFOH2 FRQFHQWUDWLRQGURSSLQJ WR ]HUR ZH ILUVW VHW WKH DEVROXWH ? ? ?
Ĳ9O?2PYDOXHDQGWKHQFRQVWUDLQHGĲ4O?PWREHVLPLODUWRĲ9O?2PXVLQJWKLVUDWLRG%DVHOLQH:5 ? ? ?
IRU83:5VLPXODWLRQVZDVIL[HGDW:Hǻ:5ZDVFRQVWUDLQHGWREHSRVLWLYHDQGWKHILQDO ? ? ?
 ? ?

:5LQWKH:5:5VLPXODWLRQVLHEDVHOLQH:5ǻ:5ZDVFRQVWUDLQHGWREHQRJUHDWHU ? ? ?
WKDQ:  ? ? ?
 ? ?

7DEOH0RQWH&DUORVLPXODWLRQLQSXW:5DQGRXWSXW9O?2FKDUDFWHULVWLFV ? ? ?
 0HDQ 6' 5DQJH
83:5VLPXODWLRQVn    
%DVHOLQH:5:   ±
ǻ:5:   ±
9O?2%?GXUDWLRQV   ±
9O?2%?DPSOLWXGHRIVWHDG\VWDWHUHVSRQVH   ±
%?Ĳ9O?2V   ±
:5:5VLPXODWLRQVn    
%DVHOLQH:5:   ±
ǻ:5:   ±
9O?2%?GXUDWLRQV   ±
9O?2%?DPSOLWXGHRIVWHDG\VWDWHUHVSRQVH   ±
%?Ĳ9O?2V   ±
ǻ:5ZDVFRQVWUDLQHGWREHSRVLWLYHDQGDWOHDVW:ZLWKWKHILQDO:5LHǻ:5LQWKH ? ? ?
83:5VLPXODWLRQVDQGEDVHOLQH:5ǻ:5LQWKH:5:5VLPXODWLRQVFRQVWUDLQHGWREH ? ? ?
QRJUHDWHUWKDQ: ? ? ?
 ? ?

7DEOH3KDVHĲ9O?23HVWLPDWHVDQGFRQILGHQFHLQWHUYDOVIRUDYHUDJHG83:5DQG:5:5H[HUFLVHERXWV$YHUDJLQJZDVE\OLQHDU ? ? ?
LQWHUSRODWLRQWRVLQWHUYDOVEHIRUHHQVHPEOHDYHUDJLQJ%?LVRODWLRQZDVE\UHPRYDORIWKHILUVWVRUVRIGDWDIRU83:5DQG:5:5 ? ? ?
SURWRFROVUHVSHFWLYHO\ ? ? ?
 1XPEHURI
DYHUDJHGERXWV
%ꔀ2Ĳ9O?23HVWLPDWLRQ 3HUFHQWDJHRIYDOXHV
ZLWKLQVRIWUXH
FRQILGHQFHOLPLWV
VIURPPHDQ0HDQVIURPWUXH 6'V
83:5VLPXODWLRQVn      
     
     
     
:5:5VLPXODWLRQVn      
     
     
     
 ? ?

),*85(/(*(1'6 ? ? ?
 ? ? ?
)LJ([DPSOHRIGDWDSURGXFWLRQDQGSURFHVVLQJGXULQJDVLQJOH0RQWH&DUORLWHUDWLRQIURP ? ? ?
XQORDGHG SHGDOLQJ A IRU HDFK LWHUDWLRQ PRGHO SDUDPHWHUV ZHUH YDULHG VWRFKDVWLFDOO\ VHH ? ? ?
7DEOHDQGDFOHDQPRGHO9O?23WUDFHZLWKNQRZQNLQHWLFSDUDPHWHUVHJ%?GXUDWLRQDQG ? ? ?
DPSOLWXGHDQG%?Ĳ9O?23ZDVSURGXFHG1RWHWKDWWKLVFOHDQPRGHOWUDFHYDULHGIRUHDFKRI ? ? ?
WKH  0RQWH &DUOR LWHUDWLRQV B WKH VLQJOH FOHDQ WUDFH ZDV XVHG WR SURGXFH  QRLV\ ? ? ?
³H[SHULPHQWDO´ 9O?23 WUDFHV ILOOHG FLUFOHV ZLWK WKH VDPSOLQJ EUHDWKLQJ DQG 9O?23 QRLVH ? ? ?
FKDUDFWHULVWLFVVHHQLQH[SHULPHQWDOGDWD+HUHIRXUH[DPSOHVDUHVKRZQ$OWKRXJKHDFKRI ? ? ?
WKHQRLV\GDWDVHWV LVGLIIHUHQW WKH\KDYH LGHQWLFDOXQGHUO\LQJNLQHWLFSDUDPHWHUVNQRZQ ? ? ?
IURPWKHFOHDQPRGHOWUDFHVKRZQLQSDQHOADQGVKRZQLQWKHVHSDQHOVDVGDVKHGOLQHV7KH ? ? ?
QRLV\ 9O?23 GDWDVHWV ZHUH SURFHVVHG LQ RQH RI IRXU ZD\V C LQWHUSRODWLRQ IROORZHG E\ ? ? ?
HQVHPEOH DYHUDJLQJ D ELQ DYHUDJLQJ E VWDFNLQJ RI GDWDVHWV DQG ILWWLQJ RI WKH VHSDUDWH ? ? ?
WUDFHV EHIRUH DYHUDJLQJ RI WKH UHVXOWDQW ILW SDUDPHWHUV QRW VKRZQ )LWV WR WKHVH SURFHVVHG ? ? ?
GDWDZHUHFRPSDUHGWRWKHWUXHXQGHUO\LQJNLQHWLFSDUDPHWHUVNQRZQIURPWKHFOHDQPRGHO ? ? ?
WUDFHVKRZQLQSDQHOADQGVKRZQLQWKHVHSDQHOVDVGDVKHGOLQHV ? ? ?
 ? ? ?
)LJ  (IIHFWV RI WKH QXPEHU RI DYHUDJHG ERXWV RQ WKH SUHFLVLRQ DQG DFFXUDF\ RI Ĳ9O?23 ? ? ?
HVWLPDWLRQ XVLQJ FRQWURO ILWV LH XVLQJ WKH NQRZQ %? GDWD WR LQWHUSRODWHG DQG HQVHPEOH ? ? ?
DYHUDJHG83:5GDWDAPHDQ6'GLIIHUHQFHRIWKHHVWLPDWHGĲ9O?23IURPWKHWUXHYDOXH ? ? ?
IRUDYHUDJHGERXWV+RUL]RQWDO OLQHV VKRZ]HURGLIIHUHQFH VROLG V GDVKHG IURP ? ? ?
WUXHn LQHDFKFDVH PYVDYHUDJHGERXWV$129$BGLVWULEXWLRQVRI ? ? ?
WKH GLIIHUHQFH EHWZHHQ HVWLPDWHG DQG WUXH Ĳ9O?23 IRU   DQG  DYHUDJHG ERXWV 9HUWLFDO ? ? ?
OLQHV VKRZ ]HUR GLIIHUHQFH VROLG   V GDVKHG IURP WUXH n    LQ HDFK FDVH C ? ? ?
 ? ?

SHUFHQWDJHV RI WKH Ĳ9O?23 HVWLPDWHVZLWKLQ  V RI WUXH IRU  DYHUDJHGERXWV7KH ? ? ?
VROLGOLQHLVDQH[SRQHQWLDOILWWRWKHGDWD ? ? ?
 ? ? ?
)LJ(IIHFWVRIDYHUDJLQJPHWKRGRQWKHSUHFLVLRQDQGDFFXUDF\RIĲ9O?23HVWLPDWLRQXVLQJ ? ? ?
FRQWUROILWVLHXVLQJWKHNQRZQ%?GDWDWRIRXUDYHUDJHG83:5ERXWVAGLVWULEXWLRQVRI ? ? ?
WKHGLIIHUHQFHEHWZHHQ HVWLPDWHGDQG WUXH Ĳ9O?23 IRU WKH IRXUGLIIHUHQW DYHUDJLQJ PHWKRGV ? ? ?
9HUWLFDOOLQHVVKRZ]HURGLIIHUHQFHVROLGVGDVKHGIURPWUXHn LQHDFKFDVH% ? ? ?
GLVWULEXWLRQV RI WKH FRQILGHQFH LQWHUYDO RI WKH ILWWHG Ĳ IRU WKH IRXU GLIIHUHQW DYHUDJLQJ ? ? ?
PHWKRGVn LQHDFKFDVH ? ? ?
 ? ? ?
)LJ  (IIHFWV RI ILWWLQJ PHWKRGV RQ WKH SUHFLVLRQ DQG DFFXUDF\ RI % ? WUDQVLWLRQ ? ? ?
LGHQWLILFDWLRQ6KRZQDUHGLVWULEXWLRQVRIWKHGLIIHUHQFHEHWZHHQWKHHVWLPDWHGDQGWUXH%? ? ? ?
WUDQVLWLRQIRUWKHELH[SRQHQWLDOILWADQGHPSLULFDOBVWDWLVWLFDOCDQGGHULYDWLYHD%? ? ? ?
LVRODWLRQ PHWKRGV )RU DOO SDQHOV YHUWLFDO OLQHV VKRZ ]HUR GLIIHUHQFH VROLG   EUHDWKV ? ? ?
GDVKHG IURP WUXH DQG n    LQ HDFK GLVWULEXWLRQ 1RWH WKH GLIIHUHQW VFDOHV RQ WKH ? ? ?
DEVFLVVDV ? ? ?
 ? ? ?
)LJ(IIHFWVRIILWWLQJPHWKRGVRQ WKHSUHFLVLRQDQGDFFXUDF\RI%?DPSOLWXGHHVWLPDWLRQ ? ? ?
6KRZQDUHGLVWULEXWLRQVRIWKHGLIIHUHQFHEHWZHHQWKHHVWLPDWHGDQGWUXH%?DPSOLWXGHIRUWKH ? ? ?
ELH[SRQHQWLDO ILW A DQG HPSLULFDO B VWDWLVWLFDO C DQG GHULYDWLYH D %? LVRODWLRQ ? ? ?
PHWKRGV 7KH FRQWURO ILW GLVWULEXWLRQ LH XVLQJ WKH NQRZQ %?GDWD LV VKRZQ DV D GDVKHG ? ? ?
FXUYHLQHDFKSDQHO)RUDOOSDQHOVYHUWLFDOOLQHVVKRZ]HURGLIIHUHQFHVROLGGDVKHG ? ? ?
IURPWUXHDQGn LQHDFKGLVWULEXWLRQ1RWHWKHGLIIHUHQWVFDOHVRQWKHDEVFLVVDV ? ? ?
 ? ? ?
 ? ?

)LJ  (IIHFWV RI ILWWLQJ PHWKRGV RQ WKH SUHFLVLRQ DQG DFFXUDF\ RI % ? Ĳ9O?23 HVWLPDWLRQ ? ? ?
6KRZQDUHGLVWULEXWLRQVRIWKHGLIIHUHQFHEHWZHHQWKHHVWLPDWHGDQGWUXH%?Ĳ9O?23IRUWKHEL ? ? ?
H[SRQHQWLDOILWADQGHPSLULFDOBVWDWLVWLFDOCDQGGHULYDWLYHD%?LVRODWLRQPHWKRGV ? ? ?
7KHFRQWUROILWGLVWULEXWLRQLHXVLQJWKHNQRZQ%?GDWDLVVKRZQDVDGDVKHGFXUYHLQHDFK ? ? ?
SDQHO)RUDOOSDQHOVYHUWLFDOOLQHVVKRZ]HURGLIIHUHQFHVROLGVGDVKHGIURPWUXHDQG ? ? ?
n LQHDFKGLVWULEXWLRQ1RWHWKHGLIIHUHQWVFDOHVRQWKHDEVFLVVDV ? ? ?
 ? ? ?
)LJ3UHFLVLRQDQG DFFXUDF\RIĲ9O?23 HVWLPDWLRQ IRU83:5ERXWVZKHQ UHPRYDORI WKH ? ? ?
ILUVWVRIGDWDLVXVHGWRLVRODWH%?ACHIIHFWVRIWKHQXPEHURIDYHUDJHGERXWVZKHUH ? ? ?
GDWDSURFHVVLQJLVE\LQWHUSRODWLRQDQGHQVHPEOHDYHUDJLQJVHH)LJIRUH[SODQDWLRQVDE ? ? ?
HIIHFWV RI DYHUDJLQJ PHWKRG RQ Ĳ9O?23 HVWLPDWLRQ DQG WKH DVVRFLDWHG FRQILGHQFH LQWHUYDO ? ? ?
XVLQJIRXUDYHUDJHGERXWVVHH)LJIRUH[SODQDWLRQV ? ? ?
 ? ? ?
)LJ  3UHFLVLRQ DQG DFFXUDF\ RI Ĳ9O?23 HVWLPDWLRQ IRU :5:5 ERXWV AC HIIHFWV RI WKH ? ? ?
QXPEHURIDYHUDJHGERXWVZKHUHGDWDSURFHVVLQJLVE\LQWHUSRODWLRQDQGHQVHPEOHDYHUDJLQJ ? ? ?
DQGUHPRYDORIWKHILUVWVRIGDWDLVXVHGWRLVRODWH%?VHH)LJIRUH[SODQDWLRQVDE ? ? ?
HIIHFWV RI DYHUDJLQJ PHWKRG RQ Ĳ9O?23 HVWLPDWLRQ DQG WKH DVVRFLDWHG FRQILGHQFH LQWHUYDO ? ? ?
XVLQJIRXUERXWVDQGZKHUHUHPRYDORIWKHILUVWVRIGDWDLVXVHGWRLVRODWH%?VHH)LJ ? ? ?
IRU H[SODQDWLRQVF HIIHFWV RI HPSLULFDO%? LVRODWLRQ PHWKRGV XVLQJ IRXU LQWHUSRODWHG DQG ? ? ?
HQVHPEOHDYHUDJHGERXWVVHH)LJIRUH[SODQDWLRQV ? ? ?
 ? ? ?
)LJA6LPXODWHG9O?23UHVSRQVHWRD:83:5VWHSXVLQJGHIDXOWPRGHOSDUDPHWHUV ? ? ?
>VHHIRUGHWDLOV@7KH%?WUDQVLWLRQRFFXUVDWVDQGWKHWUXH%?Ĳ9O?23LVVB ? ? ?
(IIHFWV RQ Ĳ9O?23 HVWLPDWLRQ RI ILWWLQJ WKH PRQRH[SRQHQWLDO (TXDWLRQ  VWDUWLQJ IURP ? ? ?
 ? ?

GLIIHUHQW SRLQWV WKURXJKRXW WKH FOHDQ VLPXODWHG 9O?23 UHVSRQVH 7KH YHUWLFDO GDVKHG OLQH ? ? ?
VKRZVWKHWLPHRIWKH%?WUDQVLWLRQWKHKRUL]RQWDOGDVKHGOLQHVKRZVWKHWUXH%?Ĳ9O?23 ? ? ?
0 60 120 180 240
0.75
1.00
1.25
1.50
1.75
2.00
Noisy "experimental" data from individual bouts
Processed data:
Time (s)
VO
2P
 (l
.m
in
-1
)
A
Clean model data
known 1-2 transition
known 2 VO2P
known 1 amplitude
0.75
1.00
1.25
1.50
1.75
2.00B
VO
2P
 (l
.m
in
-1
)
 
0 60 120 180 240
0.75
1.00
1.25
1.50
1.75
2.00
Time (s)
VO
2P
 (l
.m
in
-1
)
0 60 120 180 240
Time (s)
0.75
1.00
1.25
1.50
1.75
2.00
Interpolated
C
 
VO
2P
 (l
.m
in
-1
)
0.75
1.00
1.25
1.50
1.75
2.00
Binned
D
 
VO
2P
 (l
.m
in
-1
)
0 60 120 180 240
0.75
1.00
1.25
1.50
1.75
2.00
Stacked
E
VO
2P
 (l
.m
in
-1
)
Time (s)
1 2 3 4 5 6 7 8 9 10
-2
0
2
4
6
CB
**
Es
tim
at
ed
 
2 
VO
2P
 (s
 fr
om
 tr
ue
)
Number of averaged bouts
*
1 2 3 4 5 6 7 8 9 10
35
40
45
50
55
60
Es
tim
at
ed
 
2 
VO
2P
 w
ith
in
 
2 
s 
of
 tr
ue
 (%
)
Number of averaged bouts
-10 -8 -6 -4 -2 0 2 4 6 8 10 12
0.0
0.5
1.0
1.5
2.0
2.5
3.0  1 bout
 4 bouts
 10 bouts
Actual 2 VO2P
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
A
-4 -2 0 2 4 6 8
0.0
0.5
1.0
1.5
2.0
2.5 Actual 2 VO2P
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
0 5 10 15 20 25
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
A
 Interpolated
 Binned
 Stacked
 Separate
O
cc
ur
an
ce
s 
x 
10
3
Confidence interval for  (s)
B
-6 -4 -2 0 2 4 6 8
Empirical
 10 s
 15 s
 20 s
 25 s
 30 s
-8 -6 -4 -2 0 2 4 6 8 10 12
0.0
1.0
2.0
3.0
4.0
O
cc
ur
an
ce
s 
x 
10
3
C
Statistical
 R2
 2red
 CI
 AICc
BA
Identified first 2 breath (breaths from true)
-8 -6 -4 -2 0 2 4 6 8 10 12
 Identified first 2 breath (breaths from true)
Derivatives
 dVO2/dt
 dVO2/dt (smooth)
D
-6 -4 -2 0 2 4 6
0.0
1.0
2.0
3.0
4.0 Bi-exponential
O
cc
ur
an
ce
s 
x 
10
3
-30 -20 -10 0 10 20 30 40
 
Empirical
 10 s
 15 s
 20 s
 25 s
 30 s
-40 -30 -20 -10 0 10 20 30 40
0.0
5.0
10.0
15.0
20.0
O
cc
ur
an
ce
s 
x 
10
2
Statistical
 R2
 2red
 CI
 AICc
Estimated 1 amplitude (% from true)
-40 -30 -20 -10 0 10 20 30 40
Derivatives
 dVO2/dt 
 dVO2/dt (smooth)
C
Estimated 1 amplitude (% from true)
BA
D
-30 -20 -10 0 10 20 30
0.0
5.0
10.0
15.0
20.0
Bi-exponential
O
cc
ur
an
ce
s 
x 
10
2
-4 -2 0 2 4 6 8 10
Empirical
 10 s
 15 s
 20 s
 25 s
 30 s
-8 -6 -4 -2 0 2 4 6 8 10 12 14
0.0
0.5
1.0
1.5
2.0
O
cc
ur
an
ce
s 
x 
10
3
Statistical
 R2
 2red
 CI
 AICc
Estimated 2 VO2P (s from true)
-4 -2 0 2 4 6 8 10 12 14
Derivatives
 dVO2/dt 
 dVO2/dt (smooth)
C
Estimated 2 VO2P (s from true)
BA
D
-6 -4 -2 0 2 4 6 8 10
0.0
0.5
1.0
1.5
2.0
Bi-exponential
O
cc
ur
an
ce
s 
x 
10
3
1 2 3 4 5 6 7 8 9 10
-2
0
2
4
6
8
A CB
**
Es
tim
at
ed
 
2 
VO
2P
 (s
 fr
om
 tr
ue
)
Number of averaged bouts
*
1 2 3 4 5 6 7 8 9 10
35
40
45
50
Es
tim
at
ed
 
2 
VO
2P
 w
ith
in
 
2 
s 
of
 tr
ue
 (%
)
Number of averaged bouts
-10 -8 -6 -4 -2 0 2 4 6 8 10 12
0.0
0.5
1.0
1.5
2.0
2.5
3.0 Actual 2 VO2P Number of bouts
 1 bout
 4 bouts
 10 bouts
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
-2 0 2 4 6
0.0
0.5
1.0
1.5
2.0
2.5 Actual 2 VO2P
D
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
0 5 10 15 20 25
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
Averaging method
 Interpolated
 Binned
 Stacked
 Separate
Averaging method
 Interpolated
 Binned
 Stacked
 Separate
E
O
cc
ur
an
ce
s 
x 
10
3
Confidence interval for  (s)
1 2 3 4 5 6 7 8 9 10
-4
-2
0
2
4
6
8
A CB
**
Es
tim
at
ed
 
2 
VO
2P
 (s
 fr
om
 tr
ue
)
Number of averaged bouts
*
1 2 3 4 5 6 7 8 9 10
35
40
45
50
55
60
65
70
75
Es
tim
at
ed
 
2 
VO
2P
 w
ith
in
 
2 
s 
of
 tr
ue
 (%
)
Number of averaged bouts
-8 -6 -4 -2 0 2 4 6 8 10
0.0
0.5
1.0
1.5
2.0
2.5
Actual 2 VO2P
Number of bouts
 1 bout
 4 bouts
 10 bouts
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
-4 -2 0 2 4 6 8
0.0
0.5
1.0
1.5
2.0
2.5
Averaging method
 Interpolated
 Binned
 Stacked
 Separate
Actual 2 VO2P
D
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
0 5 10 15 20
0.0
0.5
1.0
1.5
2.0
2.5
3.0
F
Averaging method
 Interpolated
 Binned
 Stacked
 Separate
E
O
cc
ur
an
ce
s 
x 
10
3
Confidence interval for  (s)
-6 -4 -2 0 2 4 6 8
0.0
0.5
1.0
1.5
2.0
Actual 2 VO2P
1 isolation
 10 s
 15 s
 20 s
 25 s
 30 s
O
cc
ur
an
ce
s 
x 
10
3
Estimated 2 VO2P (s from true)
0 10 20 30 40 50 60
0.75
1.00
1.25
1.50
1.75
2.00
VO
2P
 (l
.m
in
-1
)
Time (s)
1-2 transition
0 10 20 30 40 50 60
10
15
20
25
30B
A
True 2 VO2P
2 
VO
2P
 (s
)
Start time of mono-exponential fit (s)
1-2 transition
